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  Pref ace   

 Aortic diseases have classically been studied from a surgical 
point of view. Recently, considerable progress has been made 
in their diagnosis and understanding of their pathophysiology 
and evolution, mainly due to advent of imaging techniques. 
Despite the lack of symptoms in stable conditions, most aor-
tic diseases have a high morbidity and mortality. In advanced 
phase of the disease, new therapeutic strategies such as endo-
vascular treatment or surgical techniques have appeared to 
improve conventional surgery. However, until the last decade, 
most aortic diseases were only medically treated with control 
of cardiovascular risk factors and beta-blockers in an attempt 
to reduce aortic wall stress by reducing blood pressure and 
heart rate. Nevertheless, in recent years different studies have 
demonstrated the benefit of new treatments with subsequent 
changes in the natural history of these diseases. 

 The aim of this book is to provide an update on the medi-
cal treatment of the aorta diseases. To this end, leading aorta 
experts have made a critical, in-depth analysis of the recent 
evidences on medical treatment of different aortic disease 
entities. Both basic research studies and clinical trials dis-
cussed in this book serve as a base for improving therapeutic 
management, delaying the need for surgery and prolonging 
survival in these patients.  

Barcelona, Spain Arturo Evangelista   , MD, FESC      
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  Series  Preface   

 Cardiovascular pharmacotherapy is of fundamental importance 
for the successful management of patients with cardiovascular 
diseases. Appropriate therapeutic decisions require a proper 
understanding of the disease and a thorough knowledge of the 
pharmacological agents available for clinical use. The issue is 
complicated by the existence of large numbers of agents with 
subtle differences in their mode of action and efficacy and the 
existence of national and international guidelines, which some-
times fail to deliver a clear cut message. Aggressive marketing 
techniques from pharma industry, financial issues at local, 
regional or national levels, and time constraints make it difficult 
for the practitioner to – at times – be absolutely certain as to 
whether drug selection is absolutely appropriate. The 
International Society of Cardiovascular Pharmacotherapy 
(ISCP) aims at supporting evidence based, rational pharma-
cotherapy worldwide. The present book series represents one of 
its vital educational tools. This series aims at contributing inde-
pendent, balanced and sound information to help the busy prac-
titioner to identify the appropriate pharmacological tools to 
deliver rational therapies. Topics in the series include all major 
cardiovascular scenarios and the books are edited and authored 
by experts in their fields. The books are intended for a wide 
range of healthcare professionals and particularly for younger 
consultants and physicians in training. All aspects of pharma-
cotherapy are tackled in the series in a concise and practical 
fashion. The books in the ISCP series provide a unique set of 
guidelines and examples that will prove valuable for patient 
management. They clearly articulate many of the dilemmas 
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 clinicians face when working to deliver sound therapies to their 
patients. The series will most certainly be a useful reference for 
those seeking to deliver evidence based, practical and successful 
 cardiovascular pharmacotherapy.

Juan Carlos Kaski,    DSc, DM (Hons),
MD, FRCP, FESC, FACC, FAHA    

Series Preface
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           Clinical Aspects 

    Cardioembolism 

 Stroke is the third leading cause of death in several industrial 
countries and cardiogenic embolism accounts for 15–30 % of 
ischaemic strokes [ 1 – 5 ]. The diagnosis of a cardioembolic 
source of stroke is frequently uncertain and relies on the iden-
tification of a potential cardiac source of embolism in the 
absence of significant autochthonous cerebrovascular occlu-
sive disease. In this regard, echocardiography (either transtho-
racic – TTE or Transoesophageal – TEE) serves as a cornerstone 
in the evaluation and diagnosis of these patients [ 6 ,  7 ]. 

 Cardioembolic stroke is a heterogeneous entity, since a vari-
ety of cardiac conditions can predispose to cerebral embolism. 
These cardiac conditions may be classified as major, minor or 

    Chapter 1   
 Aortic Atherosclerosis 
as an Embolic Source 
           Damiano     Baldassarre     and     Mauro     Pepi    

        D.   Baldassarre    
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uncertain risk. The indications for and role of ultrasound tech-
niques in these diseases are not well defined. Moreover, from 
a pathological point of view cardioembolic sources of embo-
lism may be classified into three distinct categories: cardiac 
lesions that have a propensity for thrombus formation [i.e. 
thrombus formation in the left atrial appendage in patients 
with atrial fibrillation (AF)], cardiac masses (i.e. cardiac 
tumours, vegetations, thrombi, aortic atherosclerotic plaques) 
and passageways within the heart serving as conduits for para-
doxical embolization (i.e. patent foramen ovale).  

    Aortic Atherosclerosis as an Embolic Source 

 Aortic atherosclerosis is inserted in major cardiovascular con-
ditions predisposing to cerebral or peripheral embolism. 
Because of the large diameter of the vessel, even very large 
atherosclerotic and/or thrombosed plaques protruding into the 
lumen usually do not associate with aorta occlusion. So, even if 
advanced atherosclerotic manifestations may include ather-
oma, fibroatheroma and complex atheroma with surface ero-
sions and luminal thrombi, the main clinical significance of 
aortic plaques lies in their embolic potentials [ 8 ]. Atherosclerosis 
may also contribute to the development of aortic aneurysms [ 9 ]. 

 Aortic plaques are a source of two types of emboli: throm-
boemboli and atheroemboli. 

 Even if in both instances there is arterio-arterial embolism 
(i.e. embolisation from the aorta to its branches), the two 
types of problems differ in the size and content of emboli, in 
the rate of occurrence, and in their clinical manifestations, 
prognosis, and treatment [ 10 ,  11 ].  

    Thromboemboli 

 In thromboembolism there is typically an abrupt release of 
a solitary or a few large emboli containing fragments of a 
thrombus that usually derives from complex (large and 
mobile) atheromatous aortic plaques. Being relatively 

D. Baldassarre and M. Pepi
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large, this type of embolus tends to occlude medium to 
large arteries, thus leading to severe ischaemia of target 
organs [ 12 ]. From a clinical point of view, aortic thrombo-
embolism may be associated with sudden onset of serious 
signs and symptoms in a large vascular territory, which may 
cause stroke, transient ischaemic attacks (TIAs), myocar-
dial infarction, renal or splenic infarcts, and other forms of 
peripheral thromboembolism.  

    Atheroemboli 

 Atheroemboli are composed of cholesterol crystals. They are 
usually smaller than thromboemboli and tend to occlude just 
small arteries and arterioles. The end-organ damage associ-
ated with this type of embolism may be due to both mechani-
cal blood flow reduction and an inflammatory response. 
Atheroembolism is often characterised by a large number of 
small emboli (showers of microemboli) occurring in recur-
rent waves. This type of embolism may cause the blue toe 
syndrome, new or worsening renal failure, gut ischaemia, 
confusion, memory loss, etc. Clinically, atheroembolism is 
much less frequent that thromboembolism. 

 Both types of embolism may occur spontaneously; how-
ever, there is evidence suggesting that they may occur also as 
a consequence of an aortic iatrogenic procedure such as arte-
riography, intra-aortic balloon placement, percutaneous 
intervention, major vessel surgery, or thrombolytic therapy 
[ 13 – 26 ]. Large atherosclerotic plaques and intraluminal 
thrombi of the aorta may increase the risk of embolic stroke 
during manipulation of guidewires and catheters [ 27 ]. Plaque 
disruption due to these procedures may significantly increase 
the morbidity and mortality of aortic interventions such as 
transcatheter aortic valve insertion [ 28 ]. 

 According to brain magnetic resonance imaging (MRI) 
or ultrasonographic procedures such as transcranial Doppler 
ultrasonography, after iatrogenic plaque disruption, clini-
cally overt aortic embolism is much less frequent than the 
silent one [ 29 ].  

Chapter 1. Aortic Atherosclerosis as an Embolic Source
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    Clinical Presentation 

 Clinical consequences of aortic embolisation may vary con-
siderably, from a complete absence of symptoms to acute 
multiorgan failure such as new to worsening renal failure or 
cutaneous involvement [ 30 ]. The clinical manifestation of 
aortic embolism depends (1) on the location of the aortic 
plaque forming the embolus, (2) on the atherosclerotic or 
thrombotic nature of the embolus (atheroembolus or 
thromboembolus), and (3) on the arterial district that the 
embolus occludes.  

    Aortic Arch Atheroma and Ischaemic Stroke 

 According to intraoperative ultrasonographic [ 31 ], TEE [ 14 , 
 32 – 36 ], and autopsy studies [ 37 ,  38 ] aortic arch atheroma is a 
risk factor for ischaemic stroke. In particular, in about one- 
third of patients with otherwise unexplained stroke, compli-
cated atherosclerotic plaques with a thickness ≥4 mm in the 
aortic arch proximal to the origin of the left subclavian artery, 
represent an independent risk factor for stroke and systemic 
embolism similar to atrial fibrillation and severe atheroscle-
rosis of the carotid arteries [ 38 ]. 

 In these patients, even if treated with antiplatelet drug, the 
1-year risk of recurrent ischaemic stroke is ≈11 %, and the 1-, 2- 
and 3-year risk of a combined vascular event (ischaemic stroke, 
MI, peripheral event, or vascular death), is 20, 36, and 50 %, respec-
tively [ 39 ,  40 ]. 

 The risk of new ischaemic stroke and that of new com-
bined vascular events were 3.8 (95 % CI 1.8–7.8, P ≤ 0.002) 
and 3.5 (95 % CI 2.1–5.9, P ≤ 0.001), respectively, independent 
of carotid stenosis, atrial fibrillation, peripheral artery dis-
ease, or other risk factors [ 39 ]. The presence of an aortic arch 
plaque is also an independent predictor of recurrent strokes, 
MI and vascular death [ 13 ,  41 – 43 ].  

D. Baldassarre and M. Pepi
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    Aortic Arch Atheroma Evolution Over Time 

 The morphological natural evolution of the aortic arch ath-
eroma is a dynamic process with formation and resolution of 
mobile components occurring frequently over the same 
period. Sen et al. [ 44 ], described aortic arch atheroma progres-
sion in 29 % of patients and regression in about 9 %. 
Montgomery et al. [ 45 ], over a mean of 1 year, reported pro-
gression in 23 % and regression in 10 %. Pistavos et al. [ 46 ], in 
patients with familial hypercholesterolaemia taking pravas-
tatin reported progression over 2 years in 19 % of patients 
and regression in 38 %. Geraci and Weinberger [ 47 ] noted a 
progression rate of 19 % and a regression rate of 18 % over a 
mean of 7.7 months. Importantly, aortic arch atheroma pro-
gression in patients with stroke/TIA has been associated with 
a higher rate of vascular events [ 48 ].  

    Location of the Aortic Plaque Forming 
the Embolus 

 Usually, the more distal the location of aortic plaque is, the lower 
the number of aortic branch which can be potentially affected. 
For example, lower extremities arterial circulation may receive 
emboli from any portion of the aorta; the splanchnic and renal 
arteries are usually affected by emboli from the thoracic aorta 
or from the proximal part of the abdominal aorta whereas coro-
nary, cerebral, and upper extremity arteries usually receive 
emboli just from plaques in the ascending aorta and in the aortic 
arch. Skin embolism may arise from plaque in any portion of the 
thoraco- abdominal aorta. Despite this, a number of evidences 
has now shown that protruding atheromas in ascending aorta 
[ 31 ,  49 ,  50 ], in the aortic arch [ 32 ,  50 – 54 ], in the thoracic aorta [ 34 , 
 55 ,  56 ] and mural aortic thrombi [ 57 ] are all direct causes not 
only of peripheral atheroembolism but also of cerebral athero-
embolism which may increase the risk for ischaemic stroke. 

Chapter 1. Aortic Atherosclerosis as an Embolic Source
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 Therefore, even if emboli forming from plaques in the 
descending thoracic aorta may embolise retrogradely into the 
aortic arch vessels during aortic flow reversal in diastole [ 58 ], 
usually the more distal the location of aortic plaque is, the 
lower is the number of aortic branches which can be poten-
tially affected.  

    Risk Factors for the Development of Aortic 
Atheroma Forming the Embolus 

 Both types of aorta embolisms (thromboembolism and athero-
embolism) occur in the general context of atherosclerosis. 
Indeed, conventional (sex, age, heredity, dyslipidemia, diabetes 
mellitus, hypertension, sedentary lifestyle, smoking, and endo-
thelial dysfunction) and non-conventional (elevated levels of 
inflammatory markers, e.g. serum C-reactive protein, homocys-
teine, or lipoprotein) atherosclerosis risk factors concur in the 
development of aortic atheroma [ 59 ,  60 ]. The risk for embolic 
complications is increased in the presence of large (≥4 mm) or 
complex aortic plaques (such as plaques containing mobile 
thrombi or ulcerations) [ 61 ]. Calcified plaques are more stable 
and less prone to rupture [ 61 – 63 ], whereas noncalcified plaques, 
plaques with a larger lipid core or rich in macrophages and 
plaque with thin fibrous cap are more prone to disruption or 
rupture and more likely to result in embolic syndromes. In addi-
tion, beside iatrogenic manipulation, the likelihood of embolisa-
tion is also increased in the presence of inflammation, arterial 
rheological change due to hypertension, plaque haemorrhage, 
and aneurysms.  

    Nature of the Embolus 

 Although the thromboembolism and atheroembolism share the 
same risk factors, they are not mutually exclusive, and one patient 
may experience both type of embolisms at the same time. 

 In thromboembolism, clot fragments usually originate 
from the surface of stage VI lesions and tend to embolise to 

D. Baldassarre and M. Pepi
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the distant circulation. From a clinical point of view, the result 
of this macro-embolism is a sudden onset of signs and symp-
toms, often severe, related to occlusion of medium to large 
arteries (e.g. coronary, cerebral, renal or popliteal). Due to 
the abrupt occlusion of a large vascular bed, the onset of 
symptoms often corresponds to a maximum organ deficit. 

 In atheroembolism, instead, cholesterol crystals, originating 
from the lipid core of an aortic atherosclerotic plaque, are 
released as repetitive waves of microemboli (showers of 
emboli). Atheroembolism is clinically much less prevalent 
than thromboembolism [ 64 ] and, typically, occlude arterioles 
with diameter not greater than 200 μm. The cholesterol 
embolisation syndrome is not easy to recognise. In fact, its 
clinical manifestation is often an inflammatory reaction in the 
affected vascular district and a combination of nonspecific 
acute inflammatory response (fever, malaise, hypereosino-
philia, eosinophiluria, and elevated erythrocyte sedimentation 
rate) and organ-specific manifestations [ 65 ,  66 ].   

    Diagnosis and Severity Classification of 
Aortic Atheroma (TTE, TEE, CT, MRI) 

 Methods of imaging the aortic arch to detect and/or mea-
sure a plaque include: Transthoracic Echocardiography, Trans-
oesophageal Echocardiography, Epiaortic Ultrasonography, 
Contrast Aortography, Magnetic Resonance Imaging, and 
Computed Tomography. Table  1.1  summarises advantages and 
disadvantages of the different imaging modalities.

      Transthoracic Echocardiography (TTE) 

 TTE allows assessment of the aortic root and the proximal 
ascending aorta but cannot adequately image aortic arch 
plaques [ 67 ,  68 ]. However, echocardiographic evaluation of 
the aorta is a routine part of the standard echocardiographic 
examination. Although TTE is not the technique of choice for 
overall assessment of the aorta, it is useful for the diagnosis 

Chapter 1. Aortic Atherosclerosis as an Embolic Source



8

   Ta
bl

e 
1.

1  
  Im

ag
in

g 
m

od
al

it
ie

s 
in

 t
he

 e
va

lu
at

io
n 

of
 a

or
ti

c 
at

he
ro

m
a   

 Im
ag

in
g 

m
od

al
it

y 

 Se
tt

in
g 

(l
ab

s 
vs

 in
te

ns
iv

e 
ca

re
 u

ni
ts

, 
in

te
rv

en
ti

on
al

 o
r 

op
er

at
in

g 
ro

om
) 

 Fe
as

ib
ili

ty
 

(s
el

ec
ti

ve
 

cr
it

er
ia

; 
re

na
l 

fu
nc

ti
on

) 

 A
cc

ur
ac

y 
in

 w
al

l 
ev

al
ua

ti
on

 
an

d 
 no

n  
m

ob
ile

 
at

he
ro

m
a 

 A
cc

ur
ac

y 
in

 w
al

l 
ev

al
ua

ti
on

 
an

d 
m

ob
ile

 
at

he
ro

m
a 

 P
an

or
am

ic
 

im
ag

in
g 

an
d 

da
ta

 o
f 

th
e 

ao
rt

ic
 

ve
ss

el
s 

 C
os

t 
 In

va
si

ve
ne

ss
 

 C
on

tr
as

t 
ag

en
ts

 
 T

T
E

 
 A

ll 
 +

+
+

+
 

 +
+

 
 +

 
 +

 
 +

 
 −

 
 −

 

 T
E

E
 

 A
ll 

 +
+

+
+

 
 +

+
+

+
 

 +
+

+
+

 
 +

+
 

 +
+

 
 +

 
 −

 

 C
ar

di
ac

 C
T

 
 R

X
 la

bo
ra

to
ry

 
 +

+
+

 
 +

+
+

+
 

 +
 

 +
+

+
+

 
 +

+
+

 
 −

 
 +

 

 C
ar

di
ac

 M
R

 
 R

X
 la

bo
ra

to
ry

 
 +

+
+

 
 +

+
+

 
 +

+
 

 +
+

+
+

 
 +

+
+

+
 

 −
 

 +
 

 A
ng

io
gr

ap
hy

 
 In

te
rv

en
ti

on
al

 
 +

 
 +

 
 +

 
 +

+
+

 
 +

+
+

+
 

 +
+

+
+

 
 +

 

 E
pi

ao
rt

ic
 E

ch
o 

 O
pe

ra
ti

ng
 r

oo
m

 
 +

 
 +

+
+

+
 

 +
+

+
+

 
 +

 
 +

+
+

+
 

 +
+

 
 −

 

D. Baldassarre and M. Pepi



9

and follow-up of some segments of the aorta. TTE is one of 
the techniques most used to measure proximal aortic seg-
ments in clinical practice [ 69 ,  70 ]. The long-axis view affords 
the best opportunity for measuring aortic root diameters by 
taking advantage of the superior axial image resolution. Of 
paramount importance for evaluation of the thoracic aorta is 
the suprasternal view (Figs.  1.1  and  1.2 ). This view primarily 
depicts the aortic arch and the three major supra-aortic 
 vessels (innominate, left carotid, and left subclavian arteries), 
with variable lengths of the descending and, to a lesser degree, 
ascending aorta. Although this view may be obstructed, par-
ticularly in patients with emphysema or short, wide necks, it 
should be systematically sought if aortic disease is evaluated. 

Suprasternal
Long Axis

Innom A

 A

Asc Ao Desc Ao

LCA

LSA

PA

Ant Post

Sup

Inf

  Figure 1.1    Schematic representation of the aortic arch as seen by trans-
thoracic echo from the suprasternal view. The true echo images ( bottom ) 
show on the left a normal appearance of the arch and an example of on 
atheroma at the level of the ventral part of the arch ( arrow )       
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From this window, aortic coarctation can be visualised and 
functionally evaluated by continuous-wave Doppler; a persis-
tent ductus arteriosus may also be identifiable by colour 
Doppler. Dilatation and aneurysm, plaque, calcification, 
thrombus, or dissection membranes are detectable if image 
quality is sufficient. A systematic comparison of  harmonic 
TTE and TEE made to detect aortic plaques and thrombi 
revealed high sensitivity for the detection of aortic arch ath-
eromas protruding ≥4 mm into the lumen [ 2 ]. However, the 
entire thoracic descending aorta is not well visualised by TTE.

        Transoesophageal Echocardiography (TEE) 

 TEE allows us not only to assess plaque mobility, ulceration, 
and composition [ 71 ], but also to obtain detailed information 
on the anatomic relationship between the plaque location and 
the origin of the large arterial branches [ 12 ,  25 ,  32 ,  72 – 76 ]. 

  Figure 1.2    Example of an atheroma of the aortic arch ( arrows ) 
visualized from the suprasternal view by transthoracic echo       
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 Beside the possibility of structural damage, other limita-
tions associated with this diagnostic technique include the 
need for conscious sedation and patient cooperation for swal-
lowing the probe, both quite difficult in patients with stroke 
[ 71 ]. In addition, due to the shadow associated with the tra-
cheal air column near the origin of the innominate artery, 
which masks a portion of the ascending aorta when monopla-
nar and biplanar probes are used, an estimated 2 % of 
plaques are missed [ 77 ]. The use of multiplanar probes may 
reduce this problem [ 78 ] (Fig.  1.3 ).

   The presence of detectable atherosclerotic plaques in 
the aorta indicates the presence of atherosclerotic disease and 
is a possible source of embolism [ 12 ]. Aortic atheromas are 

Blind segment

Aortic valve Aortic root and
ascending aorta

Descending aorta

  Figure 1.3    Schematic representation of the thoracic aorta and relative 
position of the transoesophageal echo probe inside the oesophagus. 
The entire aorta may be visualized by gentle rotation of the probe 
anteriorly or posteriorly.  Bottom : corresponding TEE examples of the 
short axis of the aortic valve ( bottom left ), long axis of the proximal 
and ascending aorta ( bottom middle ) and short axis of the descending 
aorta ( bottom right ). The  red circle  and  arrow  show the blind segment 
of the aortic arch due to the interposition of the left bronchus       
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characterised by irregular intimal thickening of at least 2 mm, 
with increased echogenicity. They often have superimposed 
mobile components, mainly thrombi. The morphology of ath-
eromatous plaques is dynamic, with frequent formation and 
resolution of mobile components [ 45 ]. TEE is the imaging 
modality of choice for diagnosing aortic atheromas. It provides 
higher-resolution images than TTE and has good inter- observer 
reproducibility [ 79 ]. The prevalence of aortic atheromas on 
TEE varies depending on the population studied. In a commu-
nity-based TEE study [ 80 ], aortic atheromas were present in 
51 % of the population over 45 years, being complex in 7.6 %. 
Atheroma prevalence increased with age, smoking, and pulse 
pressure. TEE characterises the plaque by assessing plaque 
thickness, ulceration, calcification and superimposed mobile 
thrombi, thereby determining the embolic potential of each 
plaque. The advantages of TEE over other non-invasive 
modalities include its ability to assess the mobility of plaque in 
real time. The French Aortic Plaque in Stroke group showed 
that increasing plaque thickness of ≥4 mm is associated with a 
significantly increased embolic risk [ 39 ]. They used TEE to 
characterise aortic arch plaque thickness in 331 patients older 
than 60 years with stroke. Increasing plaque thickness was 
associated with an increased risk of embolic events. The odds 
ratio for aortic arch plaque <1 mm and stroke was 1.0. The 
odds ratio was 3.9 for plaque between 1 and 3.9 mm thick and 
13.8 for plaques >4 mm thick. The presence of mobile lesions 
(thrombi) superimposed on aortic atheromas has been recog-
nized to imply a high embolic risk. Other characteristics of the 
lesions seen on TEE, such as ulceration ≥2 mm in aortic 
plaques and no calcified plaques, were also associated with a 
higher risk of stroke [ 81 ]. Thus, atherosclerotic plaques are 
defined as complex in the presence of protruding atheromas of 
4 mm in thickness, mobile debris, or the presence of plaque 
ulceration, and defined as simple if the plaques lack these mor-
phological features (Fig.  1.4 ).

   A grading system for severity of atherosclerosis in the 
thoracic aorta has been proposed by Montgomery. Grade 
I = normal or minimal intimal thickening; Grade II: extensive 
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intimal thickening; Grade III = atheroma <5 mm; Grade 
IV = atheroma ≥5 mm; Grade V = mobile lesion (Fig.  1.5 ).

   Two recent community-based studies found no associa-
tion between aortic atheromas and future stroke [ 59 ,  80 ]. An 
alternative explanation is that atheromatous plaque is 
merely a marker for diffuse atherosclerosis that predisposes 
patients to systemic embolism by other cardiovascular 
mechanisms. The embolic potential of atherosclerotic aortic 
lesions during invasive procedures or during open-heart 
surgery is well established [ 82 ,  83 ]. Some studies have shown 

  Figure 1.4    Examples of TEE images of different cases of thoracic 
aorta pathologies that may be correlated to embolic events.  Top left : 
TEE of the distal ascending aorta showing a mobile thrombus 
attached to aortic wall ( arrows  indicate the mobility of the thrombus 
in two different frames).  Top right : TEE of the descending aorta. In 
this short axis a very large protruding thrombus attached to a large 
aortic plaque is clearly detected.  Bottom left : TEE of the descending 
thoracic aorta. Large protruding atheroma of the aortic wall.  Bottom 
right : TEE of the descending thoracic aorta: large ulcerated plaque 
with a crater like appearance ( arrow )       
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the risk of stroke or peripheral embolism after cardiac cath-
eterization or intra-aortic balloon pump placement in 
patients with severe aortic atherosclerosis diagnosed by 
TEE [ 82 ]. A strong association between aortic stenosis and 
aortic atherosclerosis has recently been established [ 84 ]. 
The presence of plaques in the aorta of patients with aortic 
stenosis has important implications since these patients 
often undergo invasive diagnostic and therapeutic proce-
dures that can dislodge particularly thick plaques and the 
attached thrombotic material. Large mobile aortic thrombi 
are possible causes of systemic emboli and appear to be a 
complication of atherosclerosis. TEE is the best technique 
for diagnosing and monitoring the evolution of these large 
thrombi [ 85 ]. Figure  1.6  shows a three- dimensional image of 
large complex plaques in the thoracic aorta of a patient 
undergoing TAVI for severe aortic stenosis.

Grade IV = atheroma ->5 mm;

Grade I = normal or
minimal intimal thickening

Grade II : extensive
intimal thickening

MONTGOMERY CLASSIFICATION

Grade III : atheroma
<5 mm

Grade V = mobile lesion.

  Figure 1.5    Grading system for severity of atherosclerosis in the tho-
racic aorta proposed by Montgomery. Grade I = normal or minimal 
intimal thickening; Grade II: extensive intimal thickening; Grade 
III = atheroma <5 mm; Grade IV = atheroma ≥5 mm; Grade V = mobile 
lesion. All examples refer to short axis of the descending aorta       
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       Epiaortic Ultrasonography 

 In epiaortic imaging, the transducer is placed directly over 
the aortic arch in a surgical setting. Although it allows us to 
image aortic arch plaque the information derived is usually 
used to select operative techniques in order to reduce the risk 
of perioperative strokes [ 86 ,  87 ].  

    Magnetic Resonance (MR) Imaging 

 MR may be used for detection and measurement of aortic 
arch plaque [ 77 ,  88 ] and to monitor aortic plaque progres-
sion and regression [ 86 ]. Contrast MR is also used to identify 
morphological features such as calcification, thrombus, fibro-
cellular tissue and lipids which may be useful to detect 
plaque stability. 

  Figure 1.6    3D transoesophageal imaging of atheromas of the 
descending aorta.  Arrows  show several athoromas in two segments 
of the thoracic descending aorta visualized in a longitudinal view. 
3D imaging allows a more detailed view of the complexity of 
plaques which are irregular in shape and extension       
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 Contrast MR angiography may underestimate the plaque 
thickness and its use may be limited in obese or  claustrophobic 
patients as well as in subjects who have metallic implants.  

    Computed Tomography (CT) 

 Multidetector CT has been demonstrated to be an accurate 
and powerful tool for detecting atheroma in extra- and intra-
cranial vessels. CT is the test of choice for detecting vascular 
calcification and can reliably detect and measure protruding 
aortic plaques [ 77 ,  89 ]. CT identifies more plaques throughout 
the aortic arch and around the origins of the major cerebral 
arteries in particular compared to TEE (Fig.  1.7 ). These may 
represent potential embolic sources of acute ischaemic stroke. 
Better plaque detection may have an impact on the best avail-
able secondary prevention regimen in individual patients if 
proximal embolic sources are suspected. MDCT allows evalu-
ation of the whole arterial vasculature. In addition, MDCT has 
the ability to visualize the vessel wall and to give a quantita-
tive measurement of calcified and noncalcified plaque.

  Figure 1.7    Atheromas of the aortic arch visualised by cardiac com-
puted tomography; the white small spots visualised in the short ( left ) 
or long ( right ) images indicated calcified deposition inside the aortic 
wall, while the small diffused indentation of the walls (black spots) 
are due to parietal atheromas       
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   However, CT may underestimate the amount of 
 non- calcified plaque and mobile thrombus that presumably is 
at high risk for embolisation [ 77 ]. In conjunction with posi-
tron emission tomography, it can be used to localise fluorode-
oxyglucose uptake by the plaque, identifying active plaques 
and plaques prone to rupture (unstable) [ 90 ], but its clinical 
utility has yet to be established. 

 Concerning specifically pre-operative (cardiac surgery) 
evaluation, preoperative CT scans in patients at high risk may 
help identify aortic areas at risk before entering the operating 
room, lead to more thorough screening in the operating room, 
and result in a more aggressive strategy to avoid calcified areas.  

    Microembolic Signals by Transcranial Doppler 
(TCD) Ultrasonography 

 The occurrence of microembolic signals, as detected by tran-
scranial Doppler (TCD) ultrasonography, can be a marker of 
severe aortic atherosclerosis, and monitoring these signals 
should enable the application of appropriate surgical meth-
ods to coronary artery bypass patients who are at higher risk 
of stroke [ 91 ]. Asymptomatic cerebral embolic signals (ES) 
may be associated with severe (≥4 mm) aortic arch athero-
sclerosis but not with aortic arch atherosclerosis <4 mm or no 
aortic arch atherosclerosis [ 92 ].  

    Contrast Aortography 

 The need for contrast injection and radiation as well as the 
risk of iatrogenic complications due to the invasive nature of 
the procedure make this technique rarely used to assess aor-
tic plaques [ 93 ].   

    Treatment of Aortic Atheroma 

 There are no published and conclusive randomised trials to 
guide the therapy of aortic embolism. So, only strategies for 
general atherosclerosis management are usually recommended. 
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 Beside nonspecific risk modification (e.g. smoking cessa-
tion), strategies include medical, surgical, and interventional 
therapy. 

    Medical Therapy 

    Treatment of Aortic Atheroma Without Embolic 
Events 

 As both types of aortic embolisms (thromboembolism and 
atheroembolism) occur more frequently in the context of 
atherosclerosis, strategies devoted to the control of athero-
sclerosis risk factors, including smoking cessation and phar-
macological control of conventional risk factors such as 
blood pressure, lipids and diabetes, may indirectly prevent 
the embolism from aortic plaques. Even if ad hoc clinical tri-
als are needed to determine the effects of anti–atheroscle-
rotic and antiplatelet treatments in patients with severe 
aortic atheroma and risk of atheroembolism, on the basis of 
general guidelines for primary and secondary prevention of 
atherosclerosis–related events, proposed pharmacological 
therapies for aortic embolism include statins and antiplatelet 
agents. 

   Statins 

 A body of indirect evidence, obtained in a variety of patient 
cohorts, suggests that statins may reduce the risk of stroke [ 4 , 
 94 ]. For example, in an observational study of 519 patients 
with severe aortic plaques documented by TEE, statin use 
resulted in a relative risk reduction for ischaemic stroke of 
59 % [ 64 ]. 

 Plaque regression in the thoracic aorta and retardation of 
plaque progression in the abdominal aorta by 1-year atorvas-
tatin (20 mg versus 5 mg) have also been reported in an MRI 
prospective, randomised, open–label trial carried out in 36 
hypercholesterolaemic patients [ 95 ]. After 2 years of treat-
ment, regression of thoracic plaques was found in the 20 mg 
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group (−15 % vessel wall area reduction), but not in the 5 mg 
group (+7 %). Regarding abdominal plaques, progression 
was found in the 5 mg group (+10 %), but not in the 20 mg 
group (+2 %). The degree of thoracic plaque regression cor-
related with LDL–cholesterol reduction (r = 0.61), whereas 
thoracic plaque change from 1 to 2 years correlated with 
on–treatment LDL–cholesterol levels (r = 0.64). In the 
abdominal aorta, only retardation of plaque progression was 
found after 2 years of 20 mg treatment [ 95 ]. 

 The incidence of stroke may be reduced by statins not only 
through their conventional lipid-lowering effect, but also with 
other mechanisms; the so called “pleiotropic effects”, which 
include plaque regression/stabilisation, reduction in the 
inflammatory response, and inhibition of the coagulation 
cascade at different levels. For example, a regression of tho-
racic aortic plaques after lipid–lowering therapy with simvas-
tatin was demonstrated using MRI [ 96 ,  97 ]. Other two MRI 
randomized studies evaluated the effects of aggressive vs 
conventional lipid-lowering therapy in patients with aortic 
and/or carotid plaques and reported significant plaque regres-
sion which was significantly associated with the reduction in 
LDL cholesterol [ 98 ,  99 ]. In one of the two studies, a relation-
ship with the statin dosage was also observed [ 99 ]. 

 On these bases, despite the lack of  ad hoc  randomized tri-
als, there are guidelines clearly stating that: “ a treatment with 
a statin is a reasonable option for patients with aortic arch 
atheroma to reduce the risk of stroke ” [ 8 ] (Table  1.2 ). In addi-
tion, it has to be kept in mind that statins are recommended 
for many manifestations of atherosclerotic diseases; there-
fore, a large number of patients with identified aortic plaque 
already have indications for statins for secondary prevention 
for cerebrovascular diseases [ 100 ].

      Anticoagulation Versus Antiplatelet Therapy 

 Coexistent severe aortic atherosclerosis could affect pro-
thrombotic profiles of patients with atrial fibrillation (AF). 
Being at risk for thromboembolism, such patients seem to 
have an indication for an intensive antithrombotic therapy 
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[ 104 ]. Patients with nonrheumatic AF who have spontaneous 
echocardiographic contrast in the descending thoracic aorta 
appear to have enhanced coagulation activity but not platelet 
activity [ 105 ]. Cholesterol emboli on skin, muscle, and renal 
biopsy samples often occur in patients with aortic arch ath-
eroma [ 42 ], but there is also evidence, even if coming from 
small scale studies, which shows that the prevalence of clini-
cal atheroemboli syndrome is lower when patients are 
treated with warfarin, thus suggesting a potential benefit of 
this therapy in patients with aortic arch atheroma. 

 A second observational TEE study [ 106 ] was carried out in 
129 patients with aortic arch atheroma to investigate the 
source of cerebral or peripheral embolisation. In this non- 
randomised study, the antithrombotic therapy (oral antico-
agulation, aspirin, or ticlopidine) was left to the discretion of 
the practitioner in charge of the patient. At the end of follow-
 up (22 ± 10 months), a significant reduction in the number of 
embolic events among patients who received oral anticoagu-
lants (0 events in 27 patients versus 5 events in 23 patients 
treated with antiplatelet agents) was noted even if just in 
patients with plaques ≥ to 4 mm. 

 The SPAF (Stroke Prevention in Atrial Fibrillation) trial 
[ 61 ] was a randomised study carried out to define TEE pre-
dictors of stroke in patients with atrial fibrillation and to 
examine response to antithrombotic therapy. A total of 382 
patients with atrial fibrillation at high risk for thromboembo-
lism have been included into the study. Among patients with 
“high–risk” non–valvular atrial fibrillation, the 1-year risk of 
stroke in 134 patients with complex aortic plaque was found 
to be reduced from 15.8 % (11 events) in those treated with 
fixed low–dose warfarin plus aspirin (INR 1.2–1.5) to 4 % (3 
events) in those treated with adjusted–dose warfarin (INR 
2.0–3.0), which means a 75 % relative risk reduction (P = 0.02) 
for patients with atheromas who received “therapeutic 
range” anticoagulation [ 61 ]. 

 All these reports suggest that warfarin in patients with 
aortic arch atheroma is not harmful and may reduce the rate 
of stroke. Therefore, intensive anticoagulation treatment 
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seems to be a reasonable option for patients with aortic ath-
eroma and the 2010 ACCF/AHA/AATS/ACR/ASA/SCA/
SCAI/SIR/STS/SVM Guidelines [ 8 ] suggest that oral antico-
agulation therapy with warfarin (INR 2.0–3.0) or antiplatelet 
therapy may be considered in stroke patients with aortic arch 
atheroma 4.0 mm or greater to prevent recurrent stroke. 

 Despite these indications, the use of anticoagulation in 
patients with aortic plaques, even in those with thrombogenic 
mobile components, is still controversial. Indeed, retrospec-
tive information show no significant benefit of warfarin or 
antiplatelet drugs on the incidence of stroke and other 
embolic events in patients with severe thoracic aortic plaques 
on TEE [ 64 ]. In addition, in other small scale studies, either 
harmful or beneficial effects of anticoagulation were reported 
and anticoagulation has been associated with both worsening 
[ 21 ,  107 ], and improvement of an aortic thrombus in a patient 
with the atheroemboli syndrome [ 108 ]. Moreover, the use of 
warfarin in patients with aortic atheroma may be harmful 
also because of the theoretical risk of plaque haemorrhage, 
which may result in atheroemboli syndrome (i.e. blue toes, 
renal failure and intestinal infarction) [ 109 ]. 

 It has to be underlined that all the studies published so far 
were not randomised trials and that they are not specifically 
designed for treatment of patients with aorta atheromas, and 
that the sample size is always relatively small. So, the ideal 
therapeutic approach to these patients still awaits prospec-
tive randomized double blind evaluation. 

 As for statins, it has to be underlined, however, that many 
patients with aortic embolism already have a strong indica-
tion for the use of antiplatelet agents for secondary preven-
tion of cardio- and cerebrovascular events.  

   Thrombolytic Agents 

 In acute cerebral thromboembolism, thrombolytic agents 
may be used to restore blood flow in the affected vessel. 
There is evidence showing that mobile aortic atheroma may 
disappear with the use of these drugs [ 110 ].   
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    Treatment of Aortic Atheroma After Stroke 
or Suspected Embolic Event 

   Statins 

 Despite the absence of randomized clinical trials specifically 
designed to evaluate the effectiveness of statin therapy for 
reducing the risk of recurrent stroke among patients with 
complex aortic plaque, observational studies in patients with 
a recent embolic event, including stroke or TIA, suggest that 
this class of drugs may be effective in preventing recurrent 
events [ 64 ]. On these basis, recent guidelines [ 102 ,  103 ] rec-
ommend statins to reduce the risk of stroke and cardiovascu-
lar events among patients with ischemic stroke or TIA who 
have evidence of aortic atherosclerosis (Table  1.2 ).  

   Anticoagulation Versus Antiplatelet Therapy 

 Data on the use of anticoagulant or antiplatelet therapy for 
secondary prevention of atheroembolism are quite inconsis-
tent. As for statins, also in this case randomized clinical trials 
are lacking, and the observational studies available are small 
and results mixed [ 25 ,  81 ,  106 ,  111 ]. 

 The ARCH (Aortic Arch Related Cerebral Hazard) trial 
is the unique open–label trial testing the usefulness of full–
dose anticoagulation with warfarin (target INR 2.0–3.0) 
against a combination of low–dose aspirin (75 mg/day) plus 
clopidogrel (75 mg/day) for prevention of recurrent vascular 
events in patients with aortic atheroma (4 mm or greater) and 
non–disabling stroke [ 112 ]. Unfortunately, although com-
pleted, the results of this study have not yet been published 
(Table  1.2 ).  

   Endarterectomy or Cover Stents 

 In a study designed to assess the risks or benefits of aortic 
arch endarterectomy for reducing the risk of recurrent aortic 
atheroembolism and intraoperative stroke during cardiac 
surgery provided unpromising results [ 14 ]. Arch endarterec-
tomy was performed in 43 of 268 patients who had arch 
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 atheromas ≥5 mm or with mobile components on intraopera-
tive TEE [ 14 ]. The overall mortality and the incidence of 
intraoperative stroke were rather high (14.9 % and 15.3 %, 
respectively) and, on multivariate analysis, aortic arch endar-
terectomy was even an independent predictor of intraopera-
tive stroke (OR, 3.6;  P  = 0.001). A possible alternative to 
endarterectomy to prevent embolization might be the use of 
cover stents, which may have the potential advantage of 
shielding severely diseased aortic segments. Unfortunately, 
interventional endovascular manipulations or diagnosis may 
induce periprocedural embolization. As a consequence also 
in this case there is no sufficient evidence to recommend pro-
phylactic endarterectomy or aortic arch stenting for purposes 
of stroke prevention, and therefore surgical guidelines for the 
management of thoracic aortic disease do not recommend 
prophylactic endarterectomy or aortic arch stenting for pur-
poses of stroke prevention [ 101 ] (Table  1.2 ).     

    Treatment of Large Aortic Thrombi 

    Large Mobile Aortic Thrombi 

 Mobile thoracic or abdominal thrombi in a nonaneurysmal, 
minimally atherosclerotic or normal aorta is a rare clinical 
entity and an uncommon cause of embolism to visceral 
organs or lower limbs [ 113 – 117 ]. These may be the conse-
quence of underlying pathology such as hypercoagulable 
disorders [ 113 ,  118 ,  119 ], concurrent malignancy [ 113 ], peri-
procedural outcomes [ 120 ], anticancer treatments e.g. 
cisplatin- based chemotherapy [ 121 ], Crohn’s Disease [ 122 ], 
protein C deficiency [ 123 ], essential thrombocytosis [ 124 ], 
and traumatic aortic injury [ 125 ]. The discovery of an aortic 
thrombus may be even incidental [ 126 ]. 

 Because of the rarity of this condition there is a paucity of 
case reports. Both anticoagulation therapy and aortic surgery 
or both [ 127 ,  128 ], are commonly used as primary treatment, 
but there are no consensuses or clinical guidelines to outline 
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the best management strategy for this unusual problem. No 
long-term follow up of this rare pathology is available. 

 According to a number of case report studies endovascu-
lar stent graft placement is feasible and can be performed as 
an effective and minimally invasive treatment option for 
mobile thoracic aortic thrombi [ 129 – 137 ]. Surgical removal of 
the aortic thrombus may be another options [ 114 ,  117 ,  123 , 
 138 – 144 ]. 

 Treatment strategy for thrombus originating from an 
almost normal thoracic aorta remains controversial [ 145 ]. 
According to some authors, the indication for surgical inter-
vention results from contraindication to anticoagulation, 
mobile thrombus or recurrent embolism. Whenever possible, 
endovascular therapy should be preferred [ 113 ]. 

    Anticoagulants 

 In studies carried out in patients with aortic mobile lesions 
documented by TEE [ 25 ,  146 ], the authors described an inci-
dence of vascular events much lower in patients treated with 
warfarin than in those who were not treated (5 % versus 
45 %). In addition, mobile aortic atheromas have been noted 
to disappear during anticoagulant therapy, in some [ 34 ,  108 , 
 147 ], but not all studies [ 148 ]. In the SPAF trial [ 61 ] the trend 
toward fewer embolic events while on anticoagulants in 
patients with mobile lesions, did not reach statistical signifi-
cance, whereas the mortality was significantly reduced [ 61 ]. 

 A systematic review including a meta-analysis including 98 
articles compares the outcomes of anticoagulation therapy 
and aortic surgery strategies for the treatment of aortic mural 
thrombus. Two hundred patients were considered: 112 
received anticoagulation and 88 underwent aortic surgery as 
primary treatment. The results of the meta-analysis seem to 
favor the surgical management of aortic mural thrombus in 
the normal or minimally diseased aorta. Indeed, although 
mortality rates were similar (6.2 % and 5.7 % for the antico-
agulation group and the surgery group, respectively; P = 0.879), 
anticoagulation as primary therapy was associated with a 
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higher likelihood of recurrence of peripheral arterial emboli-
zation (25.7 % Vs. 9.1 %; P = 0.003), a trend toward a higher 
incidence of complications (27 % Vs. 17 %; P = 0.07), a higher 
likelihood of major limb amputation (9 % Vs. 2 %; P = 0.004). 
In addition, aortic thrombus persisted or recurred in 26.4 % 
of the anticoagulation group and in 5.7 % of the surgery 
group (P < 0.001). Multivariable logistic analysis established 
thrombus location in the ascending aorta or arch, mild ath-
erosclerosis of the aortic wall and stroke presentation as 
important predictors of recurrence. On these basis the 
authors concluded that aortic surgery should be considered 
as primary treatment, particularly for those patients at high 
risk for recurrence considered to be good operative candi-
dates [ 149 ].  

    Thrombolysis 

 Some case report studies suggest thrombolysis as another 
possible strategy to treat aortic thrombi [ 150 ,  151 ]. 

 In conclusion in the literature there is no consensus how to 
treat a symptomatic floating aortic thrombus. This report 
shows that therapeutic strategies are influenced by the locali-
sation of the thrombus, the co-morbidities of the patient and 
the physician’ s preferences. Endovascular  treatment  in com-
bination with high dose statins has become the preferred 
 treatment  although long-term data are lacking [ 115 ].   

    Large Fix Aortic Thrombi 

 To date, there are no evidence-based data to support specific 
drug therapy for a patient with atheroembolism and large fix 
or mobile aortic thrombi. It makes sense to use statins in any 
patient with atherosclerosis, as these drugs have been shown to 
reduce the risk of myocardial infarction and stroke, and have a 
theoretical benefit on plaque stabilization. Surgical treatment 
should be considered for patients with abdominal aortic or 
popliteal artery aneurysms and downstream atheroembolism. 
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There are case reports of atheroemboli in patients worsening 
after given warfarin or heparin. For this reason, some institu-
tions are reluctant to prescribe these drugs for patients with 
atheroemboli or thromboemboli from aortic plaque. However, 
the incidence of this complication is quite low. Similarly, the 
current state of knowledge does not allow for selecting specific 
pharmacologic intervention in patients with thromboemboli 
from fix aortic plaque. Statin therapy does make sense, as these 
drugs theoretically stabilize plaques and prevent plaque hem-
orrhage, thrombosis, and subsequent embolization. Unstable 
aortic plaques may develop superimposed thrombi (red 
thrombi on pathologic examination), easily seen as mobile ele-
ments on TEE. Therefore, it is possible that anticoagulation 
with warfarin might prevent embolic events in these patients. 
For this reason, we are often in the position of recommending 
warfarin therapy for patients with emboli and severe athero-
mas seen on TEE, especially when superimposed mobile 
thrombi are seen. There are small series in the literature that 
indicate the potential benefit of warfarin. 

 Large fix aortic thrombi are a very common finding par-
ticularly in old patients with conventional and non conven-
tional atherosclerotic risk factor. As previously underlined 
plaque thickness of ≥4 mm is associated with a significantly 
increased embolic risk. In an MRI study in aortic and carotid 
lesions on the effects of aggressive versus conventional lipid 
lowering therapy by simvastatin, treatment was associated 
with a significant regression of atherosclerotic lesions. Plaque 
regression was more related to the degree of LDL-C reduc-
tion rather than to the dose of statin, because no difference 
between high- and moderate dose simvastatin was detected.   

    Surgical and Interventional Therapy 

 In acute aortic thromboembolism, interventional approaches 
may be used to treat end–organ ischaemia (e.g. percutaneous 
intervention to restore the flow of a cerebral artery occluded 
by a thromboembolus). Covered stents, endarterectomy and 
even arterial bypass surgery have been used in a small number 
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of patients with aortic embolism with limited success. Some 
authors suggest that mural aortic thrombi can be successfully 
treated with a definitive surgical procedure in selected 
patients, with low mortality and morbidity [ 57 ]. Despite this, at 
the moment there is no convincing evidence to recommend 
either endarterectomy or aortic stenting for stroke prevention 
in patients with thoracic aortic plaques [ 8 ]. Indeed, although a 
handful of case reports on aortic arch endarterectomy in 
patients with thromboembolism originating from aortic arch 
atheroma have reported successful results, this procedure 
seems to be associated with a relatively high rate of periopera-
tive stroke and mortality (34.9 % with endarterectomy versus 
11.6 % without endarterectomy), especially when performed 
to limit stroke during cardiac surgical procedures requiring 
cardiopulmonary bypass (coronary bypass surgery and valve 
surgery) [ 14 ]. Even if covered stents may offer the potential 
advantage of shielding severely diseased aortic segments to 
prevent further embolisation, peri–procedural embolisation 
may occur during diagnosis or interventional endovascular 
manipulations. Endovascular stenting for treatment of aortic 
embolism has largely been limited to abdominal aortic and 
infrainguinal forms of the disease [ 134 ]. 

 Randomised blinded controlled trials are therefore needed 
to test currently available treatment options, both medical 
and surgical, to prevent embolic vascular events.  

    Follow-up of Aortic Atherosclerosis 
or Large Thrombi 

 No data exist in this filed. Large fix aortic plaques are a very 
common finding particularly in old patients with conventional 
and non conventional atherosclerotic risk factor and are asso-
ciated in several cases to stratified thrombi. As previously 
underlined plaque thickness of ≥4 mm is associated with a 
significantly increased embolic risk. Therefore an aggressive 
treatment with anticoagulant plus statins may be reasonably 
advocated even though data on this topic are lacking. 
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    DRUG Interactions 

 As stated before, proposed pharmacological therapies for 
aortic atheroma include mainly statins, anticoagulation 
and antiplatelet agents. To use these drugs in the most 
effective and safest manner, it could be useful for clini-
cians to have an understanding of mechanisms of potential 
drug interactions, which drug interactions have already 
been described and which drug interactions may at least 
theoretically occur. Since it would be impossible to describe 
all potential interactions, only those potentially occurring 
among statins, anticoagulants and antiplatelet agents will 
be described. 

    Interactions Affecting Lipid-Lowering Drugs 

 Although generally well tolerated, lipid–lowering drugs may 
be involved in different types of drug–drug interactions [ 152 ,  153 ], 
which generally fall under two categories: pharmacokinetic 
(i.e. how the body processes the drug) and pharmacodynamic 
(i.e. how the drug affects the body).  

    Interactions Affecting Statins 

 Statin interactions may have either a pharmacokinetic or 
pharmacodynamic basis, or both (Table  1.3 ) and it is now 
widely accepted that knowledge of the pharmacokinetic 
and pharmacodynamic properties of statins should avoid 
the majority of drug interactions. Pharmacokinetic interac-
tions may be associated with adverse events such as myop-
athy and rhabdomyolysis, and to either an enhanced or 
reduced lipid lowering effect. Pharmacokinetic interac-
tions may take place at any stage of absorption, distribu-
tion, metabolism, or excretion. An important role in statin 
metabolism is played by the cytochrome P450 (CYP) 
enzyme system; however, a level of difficulty in predicting 
possible statin interactions lies in the fact that different 
statins are metabolised by different CYP enzymes and to 
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different degrees and in some cases the metabolism pro-
duces active metabolites. Lovastatin, simvastatin and ator-
vastatin are metabolised by the CYP3A family. Fluvastatin 
is metabolised by CYP2C9 whereas pravastatin is not sig-
nificantly metabolised by the CYP system [ 166 ]. If concur-
rent therapy with known inhibitors of statin metabolism is 
needed, patients should be monitored for signs and symp-
toms of myopathy or rhabdomyolysis possibly reducing 
the dosage or even discontinuing the statin therapy if 
needed [ 166 ].

   Of course, statins may also affect the metabolism and con-
sequent concentrations of other coadministered therapies, 
such as digoxin, leading to alterations in effect or a require-
ment for clinical monitoring.  

    Warfarin Drug–Drug Interactions 

 Warfarin can interact, at least potentially, with a large 
number of drugs by both pharmacokinetic and pharmaco-
dynamic mechanisms (Table  1.4 ). Warfarin is a racemic 
mixture of S and R isomers. The two isomers are metabo-
lized by two different cytochrome P450 enzymes: CYP2C9 
(which metabolizes the S isomer) and CYP3A4 (which 
metabolizes R isomer). As the S isomer is five times more 
potent than the R isomer, drug interactions involving the S 
isomer have usually a higher clinical importance. 
Knowledge on whether co–prescribed drugs are metabo-
lized by these two CYP enzymes allows a reasonable INR 
change prediction and possible subsequent bleeding 
(Tables  1.5  and  1.6 ).
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   Table 1.4    Effects of co-prescribed drugs interfering with the metab-
olism or the clearance of warfarin   

 Mechanism  Examples 
 Possible 
effects 

 CYP2C9 induction  Rifampicin [ 198 ,  199 ]  INR 
reduction 

 CYP2C9 inhibition  Fluconazole [ 198 – 200 ] 
 Fluvoxamine [ 198 ,  201 ] 

 strong INR 
increase 

 CYP3A4 induction  St John’s wort [ 202 ]  INR 
reduction 

 CYP3A4 inhibition  Clarithromycin [ 199 ] 
 Fluconazole [ 198 ,  199 ] 
 Simvastatin [ 199 ,  203 ] 

 INR increase 

 Interference with the 
clearance of warfarin 

 Underlying condition 
for which the antibiotic 
is prescribed (eg. 
Pneumonia) [ 204 ] 
 Antibiotics [ 205 ,  206 ] 

 INR increase 

 Interference with 
clearance of the R 
isomer of warfarin 

 Diltiazem [ 207 ] 
Antibiotics [ 208 ,  209 ] 

 Modest INR 
increase 

 Interference with 
the clearance of both 
warfarin isomers 

 Amiodarone [ 210 ,  211 ]  Strong INR 
increase 

 Interference with the 
amount of vitamin 
K produced by the 
intestinal bacteria 

 Antibiotics [ 204 ,  206 ]  INR increase 

 Reduction of vitamin K 
intake 

 Dietary changes 
associated to antibiotics 
treatments [ 204 ] 

 INR increase 
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   Table 1.5    Examples of substrates, inhibitors, and inducers 
of CYP2C9   
 Substrates  Inhibitors  Inducers 
 NSAIDs (analgesic, 
antipyretic, 
anti–inflammatory): 
  Celecoxib [ 212 ] 
  Lornoxicam [ 213 ] 
  Diclofenac [ 212 ] 
  Ibuprofen [ 212 ] 
  Naproxen [ 212 ] 
  Piroxicam [ 212 ] 
  Meloxicam [ 213 ] 
  Suprofen [ 212 ] 
  Flurbiprofen [ 212 ] 
   Mefenamic 

acid [ 212 ] 

  Strong :   Strong : 

 Antifungal azoles: 
   Fluconazole 

[ 214 ] 
  Miconazole [ 214 ] 
   Voriconazole 

[ 214 ] 

 Rifampicin [ 214 ] 
(bactericidal) 

 Dexamethasone 
[ 214 ] 
(Glucocorticoid) 

 Bosentan [ 214 ] 
(endothelin 
receptor 
antagonist) 

 Valproic acid [ 214 ] 
(Anticonvulsant) 

 Phenobarbital [ 214 ] 
(Barbiturate) 

 Sulfamethoxazole 
[ 214 ] 
(Antibacterial) 

 Anticonvulsants, 
mood stabilizers: 
   Carbamazepine 

[ 214 ] 
  Phenytoin [ 214 ]  Imatinib [ 214 ] 

(tyrosine–kinase 
inhibitor) 

 Gemfibrozil [ 214 ] 
(fibrate) 

  Unspecified 
potency : 

 Zafirlukast [ 214 ] 
(leukotriene 
antagonist) 

 St. John’s Wort 
[ 215 ] 

 Fluvastatin [ 212 ] 
(Statin) 

 Amiodarone [ 214 ] 
(Antiarrhythmic) 

 Secobarbital [ 216 ] 
(Barbiturate) 

 Ketamine [ 217 ] 
(Sedative) 

 Fluvastatin [ 214 ] 
(Statin) 

 Terbinafine [ 214 ] 
(Antifungal) 

 Weak: 
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 Substrates  Inhibitors  Inducers 

 Angiotensin II 
receptor antagonists 
(in hypertension, 
diabetic 
nephropathy, CHF): 

 Clopidogrel [ 214 ] 
(antiplatelet agent) 

  Irbesartan [ 212 ]  Curcuma [ 214 ] 

  Losartan [ 212 ]  Irbesartan [ 214 ] 
(Angiotensin II 
receptor antagonist) 

 Sulfonylureas 
(antidiabetics): 
  Glipizide [ 212 ] 
  Glimepiride [ 212 ] 
  Tolbutamide [ 212 ] 
   Glyburide [ 212 ] 

(or glibenclamide) 

 Fluvoxamine [ 214 ] 
(Selective serotonin 
re–uptake inhibitors 
or SSRI) 

  Unspecified 
potency : 

 Amentoflavone 
[ 218 ] (constituent of 
Ginkgo biloba and 
St. John’s Wort) 

 Other antidiabetics:  Phenylbutazone [ 219 ] 
(NSAID) 

  Nateglinide [ 214 ]  Flavones or flavonols: 
[ 220 ] 

  Rosiglitazone [ 212 ]   Quercetin [ 220 ] 

 S–warfarin [ 212 ] 
(Anticoagulant) 

  Luteolin [ 220 ] 

 Phenytoin [ 212 ] 
(Antiepileptic) 

  Baicalein [ 220 ] 

 Cyclophosphamide 
[ 212 ] (Alkylating 
agent) 

  Wogonin [ 220 ] 

  Apigenin [ 220 ] 

Table 1.5 (continued)

(continued)
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   Table 1.6    Examples of substrates, inhibitors, and inducers 
of CYP3A4   
 Substrates  Inhibitors  Inducers 

  Strong :   Strong : 

 Statins:  Antifungal azoles:  Anticonvulsants, 
mood stabilizers 

  Lovastatin [ 222 ]   Itraconazole [ 222 ]   Carbamazepine 
[ 222 ] 

  Simvastatin [ 222 ]   Ketoconazole [ 222 ]   Phenytoin [ 222 ] 

  Atorvastatin [ 222 ]   Miconazole [ 222 ]  Barbiturates 

   Cerivastatin [ 222 ] 
(also metabolised 
by CYP2C8) 

  Fluconazole [ 222 ]   Phenobarbital [ 222 ] 

  Voriconazole [ 222 ]   Pentobarbital [ 222 ] 

 Substrates  Inhibitors  Inducers 

 Sildenafil [ 212 ] 
(in erectile 
dysfunction) 

 Sulfaphenazole [ 216 ] 
(Antibacterial) 

 Torasemide [ 212 ] 
(Loop diuretic) 

 H1–receptor 
antagonists 
(Antihistamines): 

 Amitriptyline 
[ 214 ] (Tricyclic 
antidepressant) 

  Cyclizine [ 221 ] 

 Fluoxetine 
[ 212 ] (SSRI 
antidepressant) 

  Promethazine [ 221 ] 

 Tamoxifen [ 212 ] 
(Selective estrogen–
receptor modulator 
or SERM) 

 Sertraline [ 216 ] 
(Selective serotonin 
re–uptake inhibitors 
or SSRI) 

 Isoniazid [ 216 ] 
(in tuberculosis) 

 Others… [ 212 ]  Others… [ 214 ]     

Table 1.5 (continued)
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 Substrates  Inhibitors  Inducers 

 Omeprazole [ 222 ] 
(proton pump 
inhibitor) 

 Telithromycin 
[ 222 ] (Macrolide 
antibiotic) 

 Efavirenz [ 222 ] (Non–
nucleoside reverse 
transcriptase inhibitor) 

 Calcium channel 
blockers: 
  Felodipine [ 222 ] 
  Nifedipine [ 222 ] 
  Amlodipine [ 222 ] 
  Nitrendipine [ 222 ] 
  Verapamil [ 222 ] 
  Nisoldipine [ 222 ] 
  Diltiazem [ 222 ] 

 Cimetidine [ 222 ] 
(H2–receptor 
antagonist) 

 Dexamethasone [ 222 ] 
(glucocorticoid) 

 Rifampicin [ 214 ] 
(antibiotic) 

 HIV protease 
inhibitors: 

  Weak : 

  Indinavir [ 214 ]  Steroids: 

  Ritonavir [ 214 ]   Estradiol [ 222 ] 

  Nelfinavir [ 214 ]   Estrogens [ 222 ] 

 Nefazodone [ 214 ] 
(antidepressant) 

 Ethanol [ 214 ,  223 ] 

 R–Warfarin [ 222 ] 
(anticoagulant) 

 Aprepitant [ 222 ] 
(antiemetic) 

 Troglitazone [ 222 ] 
(antidiabetic) 

 Some glucocorticoids:  Calcium channel 
blockers: 

 Pantoprazole [ 222 ] 
(proton pump 
inhibitor) 

  Budesonide [ 222 ]   Verapamil [ 214 ] 

  Dexamethasone 
[ 222 ] 

  Diltiazem [ 214 ] 

 Clopidogrel, 
[ 222 ] becoming 
bioactivated 
(antiplatelet) 

 Nifedipine [ 222 ] 
(Calcium channel 
blocker) 

 Hydrocortisone [ 222 ] 
(glucocorticoid) 

 Nateglinide [ 222 ] 
(antidiabetic) 

 Amiodarone [ 214 ] 
(antiarrhythmic) 

  Unspecified potency : 

 Cyclosporine 
[ 222 ] (inhibitor of 
calcineurin) 

 Macrolides 
antibiotics: 

 Cigarette smoke [ 224 ] 

Table 1.5 (continued)

(continued)
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 Substrates  Inhibitors  Inducers 

 Quinidine [ 222 ] 
(antiarrhythmic) 

  Erythromycin 
[ 214 ] 

 Dichlorodiphenyl-
trichloroethane 
(DDT) [ 225 ] 

  Clarithromycin 
[ 214 ] 

 Sildenafil [ 222 ] 
(PDE5 inhibitor) 

  Weak :  Tetrachlorodibenzo
–p–dioxin [ 224 ] 

 Benzodiazepines: 
  Alprazolam [ 222 ] 
  Midazolam [ 222 ] 
  Triazolam [ 222 ] 
  Diazepam [ 222 ] 

 Saquinavir [ 214 ] 
(HIV protease 
inhibitor) 

 Polycyclic aromatic 
hydrocarbons [ 224 ] 

 Chloramphenicol 
[ 222 ] (bacteriostatic 
antimicrobial) 

 Ciprofloxacin [ 222 ] 
(Antibiotic) 

 Finasteride [ 222 ] 
(antiandrogen) 

 Fluoxetine [ 214 ] 
(Selective serotonin 
re–uptake inhibitor) 

 Estradiol [ 222 ] 
(estrogen) 

 Lansporazol [ 222 ] 
(proton pump 
inhibitor) 

 Testosterone [ 222 ] 
(androgen) 

 Cilostazol [ 222 ] 
(phosphodiesterase 
inhibitor)  Buprenorphine [ 222 ] 

(analgesic) 

 Selective serotonin 
re–uptake inhibitors 
(SSRI): 
  Citalopram [ 222 ] 
  Sertraline [ 222 ] 

 Valerian [ 199 ] 

 Grapefruit juice [ 199 ] 

 Many others… [ 222 ]  Many others… [ 222 ] 

Table 1.6 (continued)
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           One Definition for Multiple Diseases: 
Classification, Epidemiology, Etiopathogenesis 

 “Aortitis” is a pathological term literally indicating inflam-
mation of the aorta. It is used in nosography as a comprehen-
sive term, encompassing the multiple etiologies possibly 
causing aortic wall inflammation [ 1 ]. A suggested classifica-
tion of those etiologies distinguishes between two groups, i.e. 
infectious or non-infectious: within non-infectious aortitides, 
it discriminates different diseases following the current clas-
sification criteria for vasculitides (Table  2.1 ).

   Infectious aortitis is a life-threatening disease, with high 
inherent risk of acute complications such as aortic aneurysm 
rupture; non-infectious forms however are often character-
ized by an indolent and insidious course, with progressive 
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    Table 2.1    Classifi cation    of aortitis   
  Non-infectious  a  

 Associated with vasculitides 

  With large-vessel vasculitis 

   Giant cell arteritis b  

   Takayasu arteritis b  

  With variable vessel vasculitis 

   Cogan’s syndrome b  

   Behçet’s disease c  

  With medium- and small- vessel vasculitis 

   Polyarteritis nodosa d  

   Wegener arteritis d  

   Microscopic polyangiitis d  

 Associated with systemic rheumatic disorders 

  HLA-B27 associated spondyloarthropathies 

   Ankylosing spondylitis b  

   Reiter syndrome c  

  Replapsing polychondritis c  

  Systemic lupus erythematosus d  

  Rheumatoid arthritis d  

  Sarcoidosis d  

 “Single organ” vasculitis 

  Isolated idiopathic aortitis (thoracic) 

  Isolated idiopathic periaortitis (abdominal) 

  Idiopathic retroperitoneal fibrosis (Ormond disease) 

  Inflammatory abdominal aortic aneurysm 

 Radiation-induced aortitis 

(continued)
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worsening, leading to significant quality-of-life limitations 
and potentially lethal evolutions. As a result of the different 
pathophysiological processes underlying the various forms of 
aortitis, it can in turn assume the phenotypes of dilative or 
obstructive disease of the aorta and its main branches, and 
present either isolated or within one of the several possible 
associated systemic syndromes, with or without involvement 
of other organs, eventually resulting in a myriad of diverse 
clinical pictures. A high index of diagnostic suspicion is neces-
sary to avoid the complications and a correct differential 
diagnosis among the different etiologies is required to timely 
set the correct therapeutic strategy [ 1 ]. Diagnosis and differ-
entiation can take advantage today of well-codified clinical 
criteria, at least for the most frequent forms of aortitis, mul-
tiple imaging modalities, laboratory tests and, to some extent, 
histology. In this chapter, we will address the description of 
aortitis and its treatment, emphasizing the above multiplicity 

  Infectious  

 Luetic (syphilis) 

 Mycobacterial (tubercolosis) 

 Bacterial 

   Salmonella spp.  

   Staphylococcus spp . 

   Streptococcus pneumonia  

   a Non-infective forms of aortitis (except radiation-induced aortitis) 
are here classified following the 2012 Chapel Hill Consensus 
Conference Classification of vasculitides [ 2 ]: “large-vessel”, 
“medium- vessel” and “small-vessel” indicate the arteries preferen-
tially involved; variable-vessel = large, medium and small arteries are 
evenly involved 
  b Vasculitis with common involvement of the aorta (>10 %) 
  c With less common involvement of the aorta (<10 %) 
  d Only case reports of aortic involvement or very small series reported  

Table 2.1 (continued)
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of etiologies, involved mechanisms and clinical pictures, and 
focusing on the pharmacotherapy of the most common and 
notable forms of aortitis. 

    Non-infectious Aortitis 

 Non-infectious aortitis is more frequently encountered than 
infectious aortitis: inflammation is secondary to an autoim-
mune reaction in most of the non-infectious diseases, idio-
pathic in a minority of cases. The association between 
autoimmune (“rheumatic”) diseases and aortic involvement 
is well known, but the prevalence of aortic involvement in the 
different rheumatic diseases is quite variable: in some of 
them, namely large-vessel vasculitides, aortic involvement is, 
by definition, part of the canonical clinical picture (e.g. 
Takayasu arteritis, giant cell arteritis); in others (e.g. spondy-
loarthropathies or anti-neutrophil cytoplasmic antibody- 
related diseases) an arterial inflammation, possibly but not 
regularly involving also the aorta, can be observed as a part 
of a systemic or multiorgan involvement. In fact, according to 
the 2012 Chapel Hill Consensus Conference Nomenclature 
[ 2 ], vasculitides that affect large arteries more often than the 
others are named “large-vessel vasculitis”, those affecting 
predominantly medium caliber arteries are referred to as 
“medium-vessel vasculitis” and those affecting predomi-
nantly small size vessels are named “small-vessel vasculitis” 
(Table  2.1 ). Consistently, in 2006 a review on aortic involve-
ment in rheumatic disorders listed Takayasu arteritis and 
giant cell arteritis among those most frequently affecting the 
aorta (>10 % patients), along with long-standing ankylosing 
spondylitis and Cogan syndrome; rheumatic diseases in which 
aortic involvement is an uncommon (<10 %) but well- 
documented complication include rheumatoid arthritis, sero-
negative spondyloarthropathies, Behçet disease and relapsing 
polychondritis; rheumatic diseases with isolated case reports 
of aortic involvement or uncertain involvement include 
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 sarcoidosis, antineutrophil cytoplasmic antibody-associated 
 aortitis (Wegener granulomatosis and  polyarteritis nodosa ), 
and systemic lupus eryhematosus [ 3 ]. 

 Giant-cell arteritis (GCA), also known as Horton’s (tem-
poral) arteritis, is a chronic inflammatory large- and medium- 
vessel vasculitis that affects persons older than 50 years of 
age (reported male to female ratio ranges 1:2 to 2:3). GCA is 
much more common than Takayasu arteritis in the general 
population, with an estimated incidence of about 19 cases/
million/year among patients over 50 years of age [ 4 ]. Although 
there is a markedly increased incidence of GCA in northern 
Europe and in populations with similar ethnic background 
[ 5 ], the disease can occur in all populations. The rate of aortic 
involvement in GCA is classically reported around 15–18 % 
(with a predominance of the ascending aorta, but possible 
involvement of the abdominal), however subclinical inflam-
mation of the aorta may be present in a notably larger pro-
portion of GCA patients. Branches most commonly involved 
are those arising from the external carotid artery, especially 
the superficial temporal artery, but ophthalmic, vertebral, 
coronary, and mesenteric arteries may also be involved. 

 The etiology of GCA is not well established. Polymorphisms 
of genes such as tumor necrosis factor-alpha (TNF-α), vascular 
endothelial growth factor (VEGF), endothelial nitric oxide 
synthase (eNOS), intercellular adhesion molecule (ICAM)-1, 
IL-6, and others appear to be more frequent in patients with 
GCA, although their pathogenetic role is still to be deter-
mined. It has been also postulated that a still unknown infec-
tious pathogen may trigger the aberrant immune response [ 6 ]. 

 The characteristic pathology feature of GCA is the pres-
ence of granulomatous inflammatory reaction in the vessel 
wall, with mostly macrophages, CD4 +  T-cells and giant multi-
nucleated cells constituting the granulomas, particularly 
located at the intima-media border, but also B-cells. Giant 
cells can actually be absent in 30–40 % cases. The CD4 +  lym-
phocytes differentiate into T-helpers and produce interferon- 
gamma (IFN-γ), which activates macrophages, in turn 
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producing reactive oxygen species and proteolytic enzymes, 
including matrix metalloproteases, the effectors of arterial 
wall elastic matrix degradation [ 7 ]. Lymphocytes and macro-
phages’ products, including TNF-α and IL-6, also enter the 
blood and are responsible for the systemic clinical syndrome 
in GCA (see next section). Alternatively or adjunctively, a 
systemic inflammatory response may stimulate pattern rec-
ognition receptors at vascular level thereby activating vascu-
lar dendritic cells, in turn initiating T-cell response. The intima 
may be thickened and the medial elastic  laminae  fragmented, 
whereas in the late stages intimal changes may be minimal 
and medial changes are largely constituted by fibrosis. 

 Also known as pulseless disease or Martorell syndrome, 
Takayasu arteritis (TKA) is a necrotizing and obliterative seg-
mental, large-vessel panarteritis of unknown cause with a predi-
lection for young women (>80 % of cases). Epidemiology varies 
in the different geographic areas: in the United States, incidence 
estimates from Olmstead County, Minnesota, are 2.6 cases/mil-
lion/year, whereas in Sweden and Germany they are 1–1.2 cases/
million/year [ 8 ] Autopsy studies in Japan document a much 
higher prevalence, with evidence of TKA in 1 every 3,000 indi-
viduals. Also, the age of disease onset  differs: it is earlier (15–25 
years) in Asians compared to European women (40 years) [ 9 ]. 
Involvement of the aorta is frequent, reported between 80 and 
>90 %. The most commonly affected aortic segment is the 
abdominal aorta, however ascending aorta involvement has 
been described as more typical in Japanese women [ 3 ]. 

 Although the exact etiology of TKA is not well known, a 
prior tubercular or streptococcal infection, genetic factors, and 
autoimmune mechanisms (possible association with rheuma-
toid arthritis) have been implicated as etiological factors [ 9 ]. 
The pathogenetic mechanisms are unknown as well, although it 
is considered to be antigen-driven cell-mediated autoimmune 
processes, although the specific antigenic stimuli have not been 
identified [ 10 ]. Vessel injury occurs as a result of invasion by 
leukocytes (including T-lymphocytes, NK-cells, B-lymphocytes, 
macrophages and others) deriving from the  vasa vasorum , 
migrating to the intimal layer and producing a number of cyto-
kines, including interleukin-6 (IL- 6), tumor necrosis  factor-alpha 
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(TNF-α), B-cell activating factor (BAFF) and others. Myointimal 
proliferation most commonly results, leading to stenosis of the 
vessel (most commonly the abdominal aorta) or its branches 
(especially supra-aortic vessels, iliac arteries and renal arteries), 
however medial smooth muscle cell necrosis and derangement 
of the extracellular matrix is another possible evolution, leading 
to aneurysm formation in 45 % cases (more common at the 
aortic root and ascending tract) [ 8 ]. Aside from the presence of 
granulomas, possibly including giant cells, in the aortic wall 
(particularly in the adventitia) and of perivascular cuffing of the 
 vasa vasorum , histopathology usually reveals lymphoplasma-
cytic infiltrate of adventitia and media (Fig.  2.1 ), a non-specific 
finding present in a number of rheumatic disorders, such as 
relapsing polychondritis, systemic lupus erythematosus (SLE), 

  Figure 2.1    Histology findings of early stage non-infectious aortitis. 
Hematoxylin-eosin coloration shows multiple infiltrates of lympho-
cytes in the adventitia and sub-adventitial media, particularly sur-
rounding the  vasa vasorum , along with areas of initial focal medial 
elastic fibers disruption       
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ankylosing spondylitis, as well as in aortitis of infectious or toxic 
etiology. At late stages (at least >5 years of disease), unspecific 
wall calcification is observed, especially in the case of stenotic 
evolution.

   Indeed, the pathology pictures of the different forms of 
aortitis show substantial overlap, and contribute to make dif-
ferential diagnosis quite challenging. In this perspective, the 
stenotic lesions, with thickened intima and media, have been 
reported as pathognomonic of TKA [ 8 ]. 

 Ankylosing Spondylitis (AS) is an HLA-B27 disease clas-
sified as a seronegative spondyloarthritis, since it is not char-
acterized by circulating rheumatoid factor. Risk of aortic 
involvement (predominantly aortic valve, root, ascending 
aorta) increases with disease duration. Pathology studies of 
the sacroiliac joints in patients with AS have shown a promi-
nent role of synovitis and subchondral myxoid bone marrow 
changes, processes mediated by activated T-lymphocyte- 
derived TNF-α and TGF-β, in initiating intra-articular joint 
destruction; a  Klebsiella pneumoniae  infection may  participate 
in providing an antigen that reaches the synovia and initiates 
T-cell responses in genetically susceptible individuals [ 11 ]. 
Similar mechanisms could induce the typical fibrosis changes 
of AS-associated valvulitis and aortitis: in particular at the 
level of the proximal aorta,  vasa vasorum  narrowing, fibrotic 
changes in the adventitia, medial matrix disruption and fibro-
sis and myointimal proliferation ensue [ 12 ]. 

 Cogan’s syndrome (CS) is a rare disease of young adults, 
with a mean age of 29 years at disease onset, defined by the 
presence of both ocular (keratitis) and inner ear inflamma-
tion [ 13 ]. Aortitis with valvulitis and aortic insufficiency has 
been documented as occurring from 2 weeks to 12 years after 
the initial diagnosis of the syndrome and has an estimated 
prevalence of up to 10 % [ 1 ,  3 ]. Etiopathogenesis is unknown: 
formerly believed to derive from a  Clamydia spp . infection, 
today, after the finding of autoantibodies and lymphocyte 
activation against corneal and endothelial antigens, it is con-
sidered an autoimmune disorder [ 14 ]. Histologic analysis of 
the aortic wall reveals inflammation with prominent 
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 lymphocytic infiltration, destruction of medial elastic tissue, 
fibrosis, and neovascularization, which finally result in aneu-
rysm formation [ 15 ]. 

 Behçet disease (BD) is a rare, multisystemic, and chronic 
inflammatory disease of unknown etiology, characterized by 
mucocutaneous manifestations (aphtous ulcers), especially 
including genital and oral ulcers and often-severe sight- 
threatening inflammatory eye disease. It can be associated 
(up to 30–40 % cases) with vasculitic manifestations in arter-
ies and veins of variable size [ 2 ]. The frequency of aortic 
involvement in BD varies according to different studies, rang-
ing from 50 % of patients in reports from Turkey and Italy 
[ 16 ], to <1 % in other studies including only clinically signifi-
cant aortic aneurysms [ 17 ]. Macroscopically, saccular aneu-
rysms affecting the abdominal and/or thoracic aorta and their 
branches are typical of BD. Histopathology of the involved 
aorta shows lymphocytic infiltration mixed with histiocytes 
and eosinophils with giant cells around vasa vasorum of 
media and adventitia. Destruction of media leads to  aneurysm 
formation and may proceed to pseudoaneurysm formation 
and rupture [ 18 ]. Aortitis derives not from direct large-vessel 
inflammation but rather due to vasculitis of the  vasa vasorum  
that supply the vessel wall. 

 Apart from AS, other HLA-27-associated seronegative 
spondyloarthropathies can present with vascular involve-
ment and potentially, but more rarely compared to the other 
abovementioned syndromes, with aortitis. These include 
Reiter’s syndrome, an arthritic disease of the lower limbs 
associated with typical cutaneous lesions and relapsing poly-
chondritis, affecting proteoglycan rich tissues, such as carti-
lages and vessels. Less frequently, some of the anti-neutrophil 
cytoplasmic antibody- (ANCA-) related diseases, namely 
Wegener’s granulomatosis, microscopic polyangiitis and poly-
arteritis nodosa, which more typically involve small-size ves-
sels, can be associated with large-vessel involvement and 
therefore aortitis. Whether aortitis in such cases is initiated by 
 vasa vasorum  involvement or by primitive inflammation of 
the intimal layer (“intimitis”) has not been clarified yet [ 19 ]. 
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 Following the 2012 Chapell Hill Consensus Conference 
Nomenclature [ 2 ], isolated idiopathic aortitis (more fre-
quently observed at the abdominal level) should be classified 
within the group of “single organ” vasculitides. Idiopathic 
aortitis is characterized by aortic wall inflammation in 
absence of any systemic disease or infection, and it usually 
involves the ascending aorta and arch. This condition affects 
women more often than men (3:2 ratio) and is asymptomatic 
until it is discovered incidentally or by post-surgical histologi-
cal analysis [ 20 ]. In those latter cases, macroscopic appear-
ance can already suggest inflammatory etiology, i.e. by the 
typical diffuse irregular scarring of the intima, referred to as 
“tree-barking” sign [ 1 ]. Histology can vary, however overlap-
ping with the spectrum of lesions already mentioned above 
for specific etiologies. Infiltrates can include macrophages, 
T-cells, B-cells and also giant multinuclear cells. Idiopathic 
inflammatory aneurysms of the abdominal aorta, constituting 
5–25 % of all abdominal aneurysms [ 21 ], are characterized by 
thickening of the aortic wall, associated with a considerable 
peri-aortic reaction and dense adhesions. They are more fre-
quently observed in young males with familiar history of 
aneurysm, and use of tobacco smoke. Retroperitoneal fibro-
sis is characterized by a chronic inflammation with fibrous 
tissue deposition in the retroperitoneum surrounding the 
aorta, the stem of its main abdominal branches and the ure-
ters. Complications include hydronephrosis, aortic-enteric 
fistula, and secondary bacterial infections [ 1 ]. 

 It has been recently discovered that some cases of idio-
pathic aortitis, idiopathic aneurysm and retroperitoneal 
fibrosis are actually secondary to a so-called “IgG4-
related systemic disease”, in which multiple organs are 
involved by inflammatory infiltrates constituted by IgG4-
expressing plasmacells, and abnormally high levels of 
IgG4 are found in the serum. This syndrome was first 
described in patients with autoimmune forms of pancre-
atitis, but other glands (e.g. salivary glands and thyroid) 
can be involved, as well as lungs, kidneys, heart, retroperi-
toneum, mediastinum and aorta [ 22 ].  
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    Infectious Aortitis 

 Infectious aortitis is an infectious and inflammatory process 
of the aortic wall directly induced by micro-organisms. In the 
preantibiotic era, it was most likely a complication of bacte-
rial endocarditis secondary to  Streptococcus pyogenes , 
 Streptococcus pneumoniae , and  Staphylococcus . Nowadays, 
the most common pathogens, which account for almost 40 % 
of infections, include  Staphylococcus aureus  and  Salmonella 
spp . Other pathogens involved include  Treponema pallidum , 
 Mycobacterium tuberculosis  (less common today in devel-
oped countries), and other bacteria such as  Listeria , 
 Bacteroides fragilis ,  Clostridium septicum , and  Campylobacter 
jejuni  [ 23 ]. The aorta is normally very resistant to infection; 
however, an abnormal aortic wall, like that associated with 
atherosclerotic disease, preexisting aneurysm, medial degen-
eration, diabetes, vascular/valvular malformation, medical 
devices, or surgery, makes it more susceptible to infection, if 
a bacteriaemia occurs [ 24 ]. Mechanisms of infection include 
hematogenous spread (e.g. in non-typhoid  Salmonella spp . 
Gastroenteritis), contiguous seeding from adjacent infection, 
septic emboli of the aortic  vasa vasorum  and traumatic or 
iatrogenic inoculation. Infected (or “mycotic”) aortic aneu-
rysms are part of the spectrum of infectious aortitis and 
account for <3 % cases of aortic aneurysms. Men are affected 
more often than women, with most cases seen in adults after 
the fifth decade of life: elderly or immunocompromised 
patients are more susceptible to bacterial seeding at the level 
of preexisting aortic lesions. Both host leukocytes and 
responsible bacteria can induce aortic wall lesions, namely 
extracellular matrix degradation, by producing a variety of 
proteases including matrix metalloprotease-1, −2, −8 and −9 
[ 25 ]. The collagenase activity may be relatively localized, 
leading to formation of a saccular abdominal aortic aneurysm 
or pseudoaneurysm in an otherwise normal appearing vessel. 
Collagenase activity may also be intensive, which may explain 
the rapid course associated with infected abdominal aortic 
aneurysms. Typical pathology findings include aortic 
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 atherosclerosis, acute suppurative inflammation, neutrophil 
infiltration, and bacterial clumps. About two-thirds of patients 
can show acute inflammation superimposed on severe chronic 
atherosclerosis; the remainder show atherosclerosis with 
chronic inflammation or pseudoaneurysms [ 25 ].   

    A Challenging Diagnosis 

    Clinical Pictures 

 Since symptoms and signs associated with aortitis during the 
initial phase of the disease are unspecific, a high level of diag-
nostic suspicion is required for an early diagnosis and a 
timely treatment. 

  Giant cell arteritis  usually develops later in life compared 
to TKA, with only few cases reported at an age younger than 
50, and is twice more frequent in women than in men. The 
clinical onset is quite abrupt so that patients are often able to 
tell a certain date for the appearance of symptoms. The fre-
quent involvement of the temporal artery leads to the most 
evident symptoms, i.e. localized headache, scalp tenderness, 
jaw claudication. Either in association with those symptoms 
or isolately, the involvement of other vessels, also including 
the aorta, may cause impairment of vision (anterior ischemic 
optic neuropathy,  amaurosis fugax  or diplopia) together with 
signs of inflammation, fever of unknown origin with night 
sweats, claudication of the upper limbs, rarely hearing impair-
ment and dizziness, stroke, symptoms of aortic insufficiency 
and myocardial ischemia [ 26 ]. 

 Clinical examination evidences alterations of the temporal 
artery region, which appears tender, swollen, firm, beaded or 
reddened with a reduction of the artery pulse. Similar signs 
can be found in the occipital region as well. At the level of the 
upper limbs there may be an asymmetry of radial pulses and 
blood pressure or bruits of the subclavian and axillary region. 
Symptoms and signs of an associated  polymyalgia reumatica  
can also be present, including reduced range of motion of 
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shoulders, particularly with impaired arm abduction, a reduced 
internal and external rotation of the hip, tenderness of the 
upper arms and thighs. When the suspicion of GCA arise, fun-
doscopy by an experienced investigator may be appropriate, 
even in patients showing no eye impairment [ 26 ]. 

 The diagnosis of GCA relies on clinical, laboratory, and 
histological criteria as described in the 1990 American College 
of Rheumatology classification scheme [ 27 ] (Table  2.3 ). 

 The existence of an atypical pattern of GCA has been 
described, in which the temporal artery is spared and the 
disease more consistently affects large arteries, such as aorta. 
In this case the clinical scenario may be completely different, 
mostly dominated by systemic symptoms as fever, decline in 
general wellbeing, laboratory evidence of inflammation and 
rarely pain in the lower back or abdomen. This makes reach-
ing the clinical diagnosis of GCA with large vessel  involvement 
even later that for temporal arteritis, sometimes only after 
histology of the intraoperative specimen [ 28 ]. 

 Early published data on aortic involvement in patients 
with GCA were based on the rate of aortic aneurysms diag-
nosed fortuitously or after acute events (aortic dissection and 
rupture of an aortic aneurysm). Thus, in retrospective studies, 
the prevalence of aortitis ranged from 3 to 18 % [ 29 ]. Owing 
to the introduction of new imaging techniques, capable to 
show aortic involvement before the development of struc-
tural abnormalities, rates of aortic involvement ranging 
between 33 and 45 % have been disclosed. 

 Aortic involvement is most often localized at the ascend-
ing aorta, and occurs quite late during the natural history of 
GCA (median time from diagnosis 11 years for the thoracic 
location) most often manifesting as annuloaortic ectasia, 
determining aortic valve insufficiency or ascending aortic 
aneurysm. Acute aortic dissection is a possible complication 
and occasionally represents the first evidence of disease 
(within 1 year median time of diagnosis). Abdominal aortic 
aneurysm can also develop and aneurysms are usually pres-
ent in the thoracic descending segment in the late phase of 
the disease [ 30 ]. 
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 Diagnosis of  Takayasu arteritis  is usually delayed, as a result 
of the vague nature of the symptoms in its initial phase (often 
referred to as “pre-pulseless phase”). Mirroring the general 
systemic inflammation, symptoms of this stage may include 
fever, malaise, weight loss, night sweat, arthralgia and myalgia 
[ 31 ]. In the late phase the chronic inflammatory process leads 
to vascular lesions such as aneurismal dilatation, as a conse-
quence of disruption of the connective scaffold in the arterial 
wall. During the late (“pulseless”) phase, systemic manifesta-
tions usually remit significantly and symptoms are mainly 
related to organ ischemia: arm claudication, dizziness, head-
ache, stroke, visual impairment, renal arterial hypertension, 
angina, myocardial infarction, pulmonary hypertension [ 26 ]. 

 The involvement of the aorta and its main branches is 
common in this disease, most frequently in the abdominal 
segment, followed by the descending thoracic aorta and the 
aortic arch. A 53 % prevalence of aorta stenosis has been 
reported, in 70 % cases affecting the abdominal aorta [ 32 ]. 
Rapid expansion of aortic aneurysms (45 % cases), aortic 
rupture (33 %) and (more rarely) intramural hematoma and 
acute aortic dissection, constitute possible severe complica-
tions reported to occur in TKA aortitis [ 33 ,  34 ]. 

 Clinical examination should focus on vascular and neuro-
logic systems: a check of the arterial pulses and auscultation 
of the subclavian, carotid, abdominal and femoral region may 
evidence asymmetry of pulses and bruits; a bilateral check of 
blood pressure in the arms and in the legs should always be 
performed, as it may show significant pressure differences; a 
neurological examination may detect signs of an ischemic 
neurological damage [ 26 ]. 

 The onset of specific symptoms and signs of TKA is usu-
ally early, i.e. during the third or fourth decade of life. 
Classification criteria have been developed in 1990 by the 
American College of Rheumatology for TKA [ 35 ] (Table  2.2 ). 
The most recently issued classification of TKA, based on the 
vessels involved, distinguishes: type I, involvement of the 
main branches from the aortic arch; type IIa, involvement of 
the ascending aorta, aortic arch and its branches; type IIb, 
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involvement of the ascending aorta, aortic arch and its 
branches, and thoracic descending aorta; type III, involve-
ment of the thoracic descending aorta, abdominal aorta and/
or renal arteries; type IV, involvement of the abdominal aorta 
and/or renal arteries; and type V, the combined features of 
type IIb and IV [ 8 ].

   Non infectious aortitis may be secondary to rheumatic 
disease, usually driven by aberrant immune responses, giving 
rise to clinical pictures in which the specific manifestations of 
the aortic involvement may be confounded by the systemic 
clinical scenario dominated by the underlying disease or may 
initially be overlooked by both patients and physicians. 

  Ankylosing spondylitis  (AS) is part of a group of diseases 
called spondyloarthropaties, associated with HLA-B27 anti-
gen, characterized by sacroilitis, enthesitis, inflammatory 
bowel disease or psoriasis. It begins with back pain and stiff-
ness during the second or third decade of life, affecting men 
two to three times more than women. Diagnosis requires at 
least four of the following criteria: age younger than 40 at 
onset, insidious onset of arthropathy, back pain for more than 
3 months, morning stiffness, improvement with exercise. 

   Table 2.2    Diagnostic criteria for Takayasu’s arteritis (according to 
the American College of Rheumatology)   
 Age of 40 years or less at disease onset 

 Claudication of the extremities 

 Decreased pulsation at one or both brachial arteries (compared 
to pulses at lower limbs) 

 Systolic blood pressure difference of >10 mmHg between the 
two arms 

 Bruit over the subclavean artery or the aorta 

 Angiography evidence of focal or segmental occlusion or 
narrowing of large arteries (including the aorta), not resulting 
from arteriosclerosis or fibromuscular dysplasia 

  If at least three criteria are present, the diagnosis is made, with sen-
sitivity and specificity of 90 and 98 % respectively  
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Aortitis is present in 80 % of patients with long-standing AS, 
usually affecting the aortic root and the aortic valve, with 
insufficiency. AS may also affect the myocardium with 
impairment of the conduction system [ 36 ]. 

  Cogan’s syndrome  is a rare disease, characterized by ocu-
lar, inner ear, and vascular inflammation. Cardiovascular 
manifestations include aortitis and necrotizing vasculitis, 
which may induce coronary, renal, and iliac artery stenosis. 
About 10 % of patients may have aortitis with aortic aneu-
rysm, and valvulitis with aortic insufficiency. Young male 
patients are predominantly affected, usually presenting with 
eye redness, photophobia, or eye pain from interstitial kerati-
tis, audiovestibular manifestations similar to those in Ménière 
syndrome, neural deafness, and possibly symptoms of aortic 
insufficiency with or without associated ischemic syndromes 
due to coronary or iliac stenosis, or hypertension related to 
renal artery stenosis [ 37 ]. 

  Relapsing polychondritis  is a paroxysmal and progressive 
inflammatory disease of the cartilaginous structures, affecting 
the ear, nose, and hyaline cartilage of the tracheobronchial 
tree. It is caused by autoimmune response against proteogly-
can rich tissues. Aortic involvement may be observed in 5 % 
of patients, resulting in aneurysm formation in the thoracic 
and abdominal aorta and obliterans vasculitis in other 
medium-sized and large arteries. Typical of the acute phases 
is the histological picture of vasa vasorum extending also 
through both the media and the edematous intima [ 38 ]. 

 Aortitis may be associated also with  Behçet’s disease , a 
systemic chronic disease with typically relapsing course 
affecting predominantly males of the Mediterranean area 
and Eastern countries. Its diagnosis is made upon the crite-
ria established by the International Study Group for 
Behçet’s Disease: presence of oral ulceration and at least 
two between genital ulceration, eye lesions, skin lesions or a 
positive pathergy test. In one-fifth of patients affected by 
aortitic complication, multiple pseudoaneurysms can 
develop, also involving the iliac, femoral, popliteal, and sub-
clavian arteries. 
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 Less frequently, aortitis may be associated with other 
rheumatologic diseases including rheumatoid arthritis (5 %), 
Reiter disease (<1 %) and systemic lupus erythematosus (few 
cases reported). 

 No specific clinical picture is associated with  idiopathic 
aortitis  of the thoracic segment, which can indeed be 
asymptomatic and detected incidentally: diagnosis is made 
in such cases at the time of histopathology review after 
thoracic aortic aneurysm surgery. In some cases unspecific 
thoracic pain can occur, but in most instances no systemic 
inflammatory symptoms are present. An idiopathic inflam-
matory aneurysm of the abdominal aorta can present with 
back or abdominal pain and constitutional symptoms, simi-
larly to other non- infectious etiologies, and differentiation 
can be suggested by laboratory results and by histological 
analysis after surgical excision. Clinical onset of retroperi-
toneal fibrosis can be accompanied by renal function 
impairment, due to ureteral obstruction and in some cases 
by intestinal symptoms (e.g. abdominal pain and/or mass 
with or without sickness and vomit, related to duodenal 
obstruction) [ 39 ]. 

  Infectious aortitis  is a severe clinical entity, insidious inso-
far as it can be virtually undistinguished from non-infectious 
forms in terms of clinical presentation, and associated with a 
high inherent risk of acute and life-threatening complications. 
 Salmonella spp . are reported to be the commonest pathogens 
involved in infective aortitis, accounting for almost 40 % 
of infective aortitis together with  Staphylococcus aureus , 
mostly involving the abdominal aorta. The more frequent 
route of infection is a bacteremia following an ingestion of 
contaminated food, and a subsequent colonization of a pre-
existing aortic atherosclerotic lesion. Aortic infection from a 
contiguous site, such as a paravertebral abscess complicating 
a spondylodiscitis is less common. Rare complications are 
aorto-enteric fistula and endo-myocardial abscess. The natu-
ral history of infectious aortitis is characterized by the pro-
gressive expansion of the aneurysm, with a greater tendency 
to rupture, compared to other etiologies, if not diagnosed 
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and treated promptly. The majority of patients affected by 
 infective aortitis are symptomatic, especially in the aneurys-
mal stage of the disease. Fever and back pain are the most 
common symptoms, being present respectively in the 77 % 
and 65 % of patients with infected aortic aneurysm. Chills, 
sweats, abdominal symptoms as nausea and vomiting are 
other possible symptoms [ 40 ]. 

 Pneumoccoccal aortitis is rare and is usually due to bacte-
riemic spread from distant infection foci, such as pneumonia, 
urinary tract infections, endocarditis, osteomyelitis, cellulitis. 
Abdominal aorta is the segment most often involved by pneu-
mococcal aortitis, followed by descending thoracic aorta [ 41 ]. 

 Aortitis may be a clinical consequence of  Treponema pal-
lidum  determining obliterative vasculitis of aortic  vasa vaso-
rum , during the third (late) phase of syphilis. After a 
progressive decrease in its epidemiological importance over 
the last century, primary syphilis has doubled its incidence 
during the first decade of the new century, with a majority of 
cases among homosexual men. This probably heralds a new 
resurgence of tertiary syphilis, in the next years, with a new 
epidemiological pattern of infective aortitis. Luetic aortitis 
typically involves the tubular portion of the ascending aorta, 
aortic arch and descending thoracic aorta, sparing the sinuses 
of Valsalva. Consequently, aortic insufficiency associated to 
aortic root dilatation has been only seldom reported. Clinical 
diagnosis is most often made based upon serologic confirma-
tion of syphilis and a characteristic pattern of vascular 
involvement [ 42 ]. 

 Other microorganisms, such as  Enterococcus spp .,  Listeria 
monocytogenes ,  Bacteroides fragilis ,  Clostridium septicum , 
human immunodeficiency virus (HIV),  Mycobacterium tuber-
culosis  may less frequently cause infectious aortitis. A posi-
tive history for signs and symptoms of the primary infection 
should guide the diagnosis towards infectious etiology, if an 
aortitis has been detected, importantly distinguishing it from 
autoimmune etiology. The warning has been issued that 
tuberculous aortitis, possibly evolving towards vessel stenosis 
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or occlusion, might be misdiagnosed as Takayasu arteritis and 
erroneously treated by glucocorticoids, which may obviously 
worsen the infection course.  

    Imaging and Laboratory 

 The relevant, though complementary role played by imaging 
in the diagnosis of aortitis was officially recognized in the 
2010 American College of Cardiology / American Heart 
Association Guidelines for the diagnosis and management of 
patients with thoracic aortic disease (Class I, level C), as it 
was in the American College of Rheumatology criteria for 
the diagnosis of Takayasu arteritis [ 35 ,  43 ]. 

 Imaging provides important information for establishing 
the diagnosis, contributing in the differentiation between 
aortitis and other causes of aortic dilatation or large vessel 
stenosis, estimating the extent of disease, helping to monitor 
disease activity and response to therapy, and guiding biopsies 
(in GCA-associated temporal arteritis). The different avail-
able imaging methods are used to describe, with different 
specificity, the two elements of (1) the aortic lumen and (2) 
aortic wall changes. In large-vessel vasculitis, imaging studies 
document the anatomic distribution of the lesion, character-
ized by homogeneous artery wall swelling and aortic dilata-
tion or peculiar large vessel stenoses with smoothly tapered 
luminal narrowing. 

  Giant cell arteritis  typically involves the branches of the exter-
nal carotid arteries. The aorta and its main branches are usually 
unaffected but the possible occurrence of an atypical pattern of 
large-vessel GCA with negative temporal artery biopsy is 
reported in up to 25 % of patients [ 26 ] and often unsuspected 
until life-threatening complications occur. Large-vessel form of 
GCA usually involves the axillary arteries bilaterally and less 
frequently the subclavian, brachial, femoro-popliteal axis or the 
aorta itself. However, because aortitis-related complications 
may be a source of both severe morbidity and mortality, routine 
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screening for aortic  involvement is mandatory in patients with 
any form of GCA [ 28 ]. 

 The peripheral aortic branches are easily accessible to 
ultrasonography (US) that shows a perivascular hypoechoic 
halo similar to the finding at the temporal artery (the “halo 
sign”), which reflects wall edema. Soon after pharmacologic 
treatment initiation, wall edema decreases and US reveals an 
increase of the wall echogenicity because fibrosis occurs, 
being still visible in more than a half of patients even after 1 
year of treatment [ 44 ]. When GCA affects arteries in the 
lower limbs, special attention must be paid for a differential 
diagnosis with atherosclerosis that often occurs at these sites 
but with different characteristics (atherosclerotic plaques are 
usually calcified, asymmetric and inhomogeneous) [ 45 ]. 

 Computed tomography (CT) angiography is commonly 
the initial imaging study performed because it is diffusely 
available. It has an excellent spatial resolution and multide-
tector scanners allow multiplanar reformation and three- 
dimensional reconstruction. Actually, CT is less sensitive than 
other techniques, as magnetic resonance imaging (MRI) or 
positron-emission tomography (PET), for identifying early 
wall changes but in an advanced phase it is useful to reveal 
luminal changes such as stenosis, occlusion, dilatation, aneu-
rysm, calcification and mural thrombi. Contrast-enhanced CT 
scan may help diagnosis of aortitis showing a concentric 
thickening (>3 mm) of the arterial wall with post-contrast 
enhancement [ 28 ]. 

 MRI can provide accurate information on involvement of 
the aorta and its branches, moreover high resolution MRI can 
investigate temporal arteries. MRI is able to detect the earli-
est vascular inflammation in the vessel wall and also the 
luminal changes of the mature phase: findings in GCA 
include circumferential thickening of the vessel-wall in 
T1-weighted images, producing a high signal on T2-weighted 
images (wall edema), and post-gadolinium enhancement in 
the affected segment [ 28 ]. 

 18-Fluorodeoxyglucose (18FDG) – PET-CT is a useful 
imaging modality in the assessment of active inflammation in 
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cardiovascular diseases including aortitis, atherosclerosis and 
acute dissection. Normally there is no radiotracer accumula-
tion in the arterial wall, thus any 18FDG up-take can be 
consider a sign of inflammatory infiltrates or infection 
(Fig.  2.2 ). Large-vessel FDG uptake is usually graded on a 
4-point scale: none (grade 0), lower than liver uptake (grade 
1), similar to liver uptake (grade 2) and higher than liver 
uptake (grade 3). Grades 2–3 are relatively specific for vascu-
litis, while grade 1, or rarely 2, has been observed in athero-
sclerotic vessels [ 46 ]. Moreover, to exclude false positivity 
due to atherosclerosis (especially in lower limb lesions), some 
authors suggest relying only on the upper-body sites of 
18-FDG uptake for the diagnosis of GCA [ 47 ]. In GCA 
18FDG-PET may reveal early inflammation sites even in the 
absence of detectable structural changes at CT: abnormal 

  Figure 2.2    18FDG-PET-CT showing hyper-uptake at the level of 
the ascending aorta. Such levels of uptake are highly indicative of 
aortitis; lower levels may be associated with atherosclerotic lesions, 
whereas the normal has no detectable uptake (Courtesy of Drs 
M. Bifulco and F. Porcaro, Nuclear Medicine Diagnostics Unit of the 
Monaldi Hospital, Naples, Italy)       
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uptake in the aortic arch or large thoracic arteries is found in 
more than 50 % of affected patients. This is of particular 
importance for establishing the diagnosis in atypical clinical 
scenarios with predominance of systemic signs of inflamma-
tion, with negative temporal artery biopsy [ 28 ]. Since inflam-
matory cell infiltration is likely to happen prior to the 
development of wall edema, PET can be even more sensitive 
for early aortitis than MRI. Contrary to MRI, PET cannot 
investigate cranial arteries because of its low spatial resolu-
tion and the background noise derived from the brain (high 
FDG uptake of the neuronal cells). PET may also be useful 
for monitoring the response to treatment: the persistence of 
18FDG uptake in the arterial wall at follow-up despite an 
adequate therapy has been described to have a predictive 
role for vascular remodeling and aneurismal dilatation [ 48 ].

   No specific laboratory tests exist for the diagnosis of 
GCA. Erythrocyte Sedimentation Rate (ESR) and also C 
Reactive Protein (CRP) readings are high in most patients, 
and ESR elevation is included between the diagnostic crite-
ria, although up to 10 % of patients with documented GCA 
have normal sedimentation rates at the time of diagnosis. On 
the contrary, an elevated ESR can be seen in most of the 
disorders usually considered in the differential diagnosis of 
patients with possible vasculitis, notably infections and malig-
nancies, thus limiting the diagnostic usefulness of this test. 
Acute phase reactants may serve as simple tools for monitor-
ing disease activity during therapy. Many patients have mild 
to moderate anemia, thrombocytosis and slightly elevated 
transaminases [ 26 ,  43 ]. 

 While large vessel GCA typically involves the axillary 
arteries, in  Takayasu’s arteritis  the most commonly involved 
sites are the subclavian arteries (93 %), followed by the aorta 
(65 %), and the common carotid arteries (58 %) [ 26 ]. Other 
possible sites described for TKA are renal, vertebral, innomi-
nate, axillary, superior mesenteric, common iliac, and pulmo-
nary arteries. 

 Differently from GCA, CT angiography is essential in the 
early steps of the diagnostic process for TKA, being the 
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 imaging technique with the highest predictive power for 
demonstrating the abnormalities of the affected vessels. The 
typical finding in the early stage of the disease is the wall 
thickening that has been described as the “double ring” sign. 
This is due to edema in the intimal layer which gives a low-
density signal next to a high-density signal from the infil-
trated media and adventitia. In the chronic phase of the 
disease (≥5 years) CT scan may show calcifications of the 
previous inflamed sites: these are commonly linear and tend 
to spare the ascending aorta [ 21 ]. 

 MRI may also help in the diagnosis of TKA because of its 
intrinsic ability to investigate the early wall changes occur-
ring before lumen stenosis develops, with findings similar to 
those in large-vessel GCA. Phase-contrast (PC) – MRI and 
magnetic resonance angiography (MRA) can also document 
multiple stenoses, mural thrombi, thickening of aortic valve 
cusps, and pericardial effusions [ 21 ,  49 ]. For the absence of 
ionizing radiations, MRI is recommended for serial imaging 
follow-up especially in young patients. 

 In a normal carotid wall, US shows an hypoechoic space 
known as the intima-media complex (IMC), in between two 
hyperechogenic layers. When edema occurs in the arterial 
wall, there is an increased and diffuse thickening of the IMC 
that has been referred to as “macaroni sign”, unique of TKA 
[ 50 ]. This diffuse thickening, together with the arterial seg-
ments involved, help to differentiate vasculitis from athero-
sclerosis. The stenosing lesions evolve quite slowly, which 
explains the common presence of collaterals, with reported 
cases of reverse flow in vertebral arteries with or without the 
subclavian steal phenomenon in patients with Takayasu dis-
ease [ 51 ]. US is useful in TKA also for the investigation of the 
aortic valve, ascending aorta and pulmonary artery [ 52 ]. 

 18FDG-PET represents a promising, yet not definitively 
established, method to help in the diagnosis of TKA in 
patients with constitutional symptoms and fever of unknown 
origin. Hybrid imaging with 18FDG-PET (detecting circum-
ferential increased metabolic activity) and CT or MRI 
(allowing more precise anatomic localization of the disease) 
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has emerged as a valuable tool in diagnosing and monitoring 
treatment response in TKA aortitis. The European League 
Against Rheumatism (EULAR) recommends PET, together 
with MRI, for diagnosing large-vessel vasculitis, most notably 
in patients with TKA, as histological documentation is diffi-
cult to obtain in the large-vessel forms of the disease [ 53 ]. 

 In TKA laboratory test findings are similar to those of 
GCA. The ESR and CRP are in most cases highly elevated in 
active disease, although a smaller number of patients have 
normal ESR or CRP values [ 26 ]. 

 When non-infectious aortitis is ascertained, in the absence 
of an identifiable vasculitis or rheumatic systemic syndrome 
with possible secondary aortic involvement,  idiopathic aorti-
tis  is diagnosed. Usually the diagnosis is made post- operatively 
on the basis of the histological findings on the aortic speci-
men (giant cells or lymphoplasmacytic inflammation). 
Patients with idiopathic aortitis have more diffuse and more 
often extensive (also thoracic descending and thoraco- 
abdominal) dilatation of the aorta compared with those with 
non-inflammatory dilatations [ 54 ]. Idiopathic aortitis patients 
are generally older at presentation and have greater diame-
ters than those with large vessel vasculitis-associated aortitis, 
probably related to the silently progressing nature of the 
disease [ 55 ]. CT-scan identifies the inflammatory aneurysm 
as a hypo-dense mass with thickening of the periaortic tissues 
that show delayed contrast enhancement in CT angiography 
following the rapid intra-luminal enhancement. 

 In idiopathic inflammatory abdominal aneurysms the 
thickening of the aortic wall/periaortic tissues typically spares 
the posterior aspect of the vessel [ 56 ]. CT is also important to 
asses possible adhesions of the mass with the abdominal 
organs in order to plan the surgical strategy (i.e. transperito-
neal versus retroperitoneal approach). In the pre-operative 
phase, MRI helps detailing aneurysm localization (suprarenal 
versus infrarenal) and demonstrates the presence of periaor-
tic inflammation, adventitial thickening and turbulent flow 
inside the aneurysm. Diffusion-weighted MR imaging shows 
a hyperintense halo surrounding the aneurysm. 
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 FDG-PET helps to evaluate the grade of inflammation 
and also the extent of adhesions if combined to CT/MRI. US 
shows a periaortic hypoechoic mass that represents the 
inflammatory process surrounding a thickened aortic wall. 

 On CT-scan  retroperitoneal fibrosis  appears as a retroperi-
toneal paraspinal mass with soft-tissue density (isoattenuat-
ing compared to adjacent ileo-psoas muscles), surrounding 
the abdominal aorta and often encircling the ureters and the 
inferior vena cava, with a variable involvement of the abdom-
inal organs including duodenum and pancreas. Usually this 
mass is not displacing the aorta form the anterior surface of 
the spine [ 57 ]. 

 Clinical diagnosis of  infectious aortitis  is not simple given 
the unspecific nature of signs and symptoms, that are usually 
more evident only in an advanced stages of the disease (aneu-
rysm expansion) or when acute complications occur (rupture 
of the aneurysm). The definitive etiology is determined only 
by blood cultures, which can be positive in 50–80 % of the 
patients, but imaging supports clinical examination and con-
cur to discriminate among alternative diagnoses [ 57 ]. 

 Contrast-enhanced CT is the imaging modality of choice 
in most medical centers because of its widespread availability 
and multiplanar capability. The association of imaging evi-
dence of a saccular aortic aneurysm, positive blood cultures 
and typical symptoms of the original infectious focus is diag-
nostic of the full-blown clinical picture of infective aortitis. In 
the early stage, aneurysm may not be present but other signs 
can be evident, including aortic wall thickening with or with-
out contrast enhancement, periaortic nodularity, periaortic 
soft tissue mass, fluid collections, fat stranding, increasing 
aortic diameters, and air within the aortic wall. Fluid collec-
tion and gas bubbles within the periaortic tissue are signs of 
impending rupture even in absence of an aneurysm. CT scan 
helps to discriminate alternative diagnoses such as intramural 
hematoma, aortic dissection, penetrating aortic ulcer, pseu-
doaneurysm [ 1 ]. MRI with gadolinium contrast can obtain a 
better imaging definition of earlier alterations of the aortic 
wall. Segments affected may appear thickened, enhanced and 
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edematous in the edema-weighted sequences [ 58 ]. PET-CT 
can be a useful adjunct in infectious aortitis, depicting the 
activity phase of the infectious process. 

 A strict association between infective aortitis (particularly 
of the ascending tract) and infective valve endocarditis has 
been reported, especially in the pre-antibiotic era. 
Transoesophageal echocardiography is the gold standard 
method in the diagnosis of infective valve endocarditis, and at 
the same time it allows for thorough investigation of the 
proximal tract of the aorta to rule out signs of aortitis [ 59 ]. 

 Without appropriate treatment, natural progression of 
infectious aortitis is rapid with the development of mycotic 
aneurysms and high propensity to rupture. The term mycotic 
aortic aneurysm was coined by Wilson in 1984 to describe an 
aneurysm developed on a previous unaffected aorta follow-
ing an infective embolus originating from a valve endocardi-
tis [ 60 ]; today it encompasses all aneurysms that develop as a 
complication of infective aortitis. Its incidence is rare, repre-
senting only 0.7–2.6 % of all aortic aneurysms, most fre-
quently localized at the abdominal segment, followed by the 
descending thoracic aorta [ 61 ,  62 ]. At CT/MRI, a mycotic 
aneurysm (Fig.  2.3 ) appears as a saccular aneurysm with 
lobulated contours and possible additional features as peri-
aortic soft tissue density mass, edema, fat stranding, and/or 
fluid collections. Rapid increase in size and/or change in 
shape of an aneurysm should increase the diagnostic suspi-
cion for an infectious etiology [ 63 ].

   Typically Enterococcus infections cause thoracic aortitis, 
whereas Salmonella spp. mostly affect the abdominal aorta, 
like in the pneumococcal aortitis [ 64 ]. Tubercular aortitis nor-
mally involves the aortic arch and the descending thoracic 
aorta as a focal pseudo-aneurysm with multiple out-pouching 
and wall thickening. This kind of lesion can be combined with 
caseous necrosis of periaortic lymph nodes, bones or paraspi-
nal abscesses from which the infection has extended to the 
aorta for contiguity [ 65 ]. In the third phase of syphilis, cardio-
vascular system may be affected with manifestations as luetic 
aortitis, aortic aneurysm, aortic valvulitis with regurgitation 
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and coronary stenosis. The most commonly involved site is the 
ascending aorta, followed by aortic arch and descending tho-
racic aorta. The infectious process normally evolves in aneurys-
mal disease with diffuse wall thickening and typical 
“tree-barking” appearance of the luminal surface at gross 
examination. On delayed enhancement CT scan the affected 

  Figure 2.3    Multi   -slice CT scan reconstruction in a patient with 
mycotic aneurysm of the aortic arch ( encircled in red ). The typical 
appearance of a small saccular aneurysm due to infectious aortitis 
(from  Escherichia spp . in this patient) is evidenced, with its irregular 
profile due to multiple out-pouches. Location of the lesion is also 
typical, i.e. opposite the origin of aortic branches       

 

Chapter 2. Aortitis



92

aortic wall may have a double-ring appearance mimicking 
Takayasu aortitis [ 66 ]. Giant syphilitic aneurysms involving the 
thoracic aorta and determining sternum erosion or rightward 
displacement of the mediastinum have been described [ 67 ,  68 ]. 

 As for non-infectious aortitis, laboratory tests are comple-
mentary to imaging in the diagnosis of infectious aortitis. 
Leukocytosis and neutrophilia are present in 65–83 % of 
cases. ESR and CRP are elevated in most of the patients. 
Microbiology is of paramount importance to identify etiology 
in infectious aortitis. Blood cultures are positive in 50–85 % 
of the patients and a microorganism can be isolated from the 
excised aortic tissue in up to 76 % of the patients [ 24 ]. The 
diagnosis of syphilitic aortitis has to be confirmed by sero-
logic tests. Serology include sensitive non-treponemal sero-
logic tests (rapid plasma reagin test, Venereal Disease 
Research Laboratory test) and specific treponemal serologic 
tests (fluorescent treponemal antibody-absorption test, 
microhemagglutination-T pallidum test).   

    The Role of Pharmacotherapy in Aortitis 

    First-Line Pharmacotherapy of Non-infectious 
Aortitis 

 The vast majority of non-infectious forms of aortitis is repre-
sented by auto-immune disorders, namely vasculitis (e.g. 
GCA and TKA) and systemic diseases (e.g. Rheumatoid 
Arthritis and SA). Therefore, the mainstay of the pharmaco-
therapy for non-infectious aortitis is immunosuppressive 
therapy. While guidelines and official professional societies 
recommendations have been issued for the most epidemio-
logically relevant large-vessel vasculitides (although with 
quite low levels of supporting evidence) [ 53 ,  69 ], no specific 
pharmacologic protocols exist for the aortitis that occurs with 
variable frequencies in patients affected by vasculitides. 

 Glucocorticoids are the cornerstone of drug therapy for 
large-vessel vasculitides. Given the inherent risks of severe 
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morbidities (e.g. ocular impairment in GCA, renal or coro-
nary stenosis in TKA, etc.), a timely diagnosis, preferably 
before the onset of such organ complications, is crucial, so 
that glucocorticoids can be administered early and at high 
initial doses. According to the EULAR (European League 
Against Rheumatism) 2009 recommendations, the initial 
dose of prednisolone is 1 mg/kg/day, with a maximum dose of 
60 mg/day, maintained for a month and tapered gradually, 
avoiding alternate day tapering, as it is associated with higher 
risk of relapses [ 53 ]. 

 In Giant Cell Arteritis, according to the British Society of 
Rheumatology and British Health Professionals in 
Rheumatology guidelines, the sole clinical suspicion, even in 
the absence of histological confirmation on temporal artery 
biopsies, must prompt glucocorticoid therapy initiation [ 69 ] 
(Fig.  2.4 ). The starting protocol depends on the clinical pic-
ture at the time of diagnosis (stage of disease):

•    Uncomplicated GCA (with no jaw claudication or visual 
disturbance): 40–60 mg prednisolone daily;  

•   Complicated GCA with evolving visual loss or  amaurosis 
fugax : 500 mg to 1 g of i.v. methylprednisolone for 3 days 
before oral glucocorticoids;  

•   Complicated GCA with established visual loss: 60 mg 
prednisolone daily to protect the contralateral eye.    

 Patients often report a rapid response to therapy initia-
tion, with early (hours or few days) recovery especially from 
systemic symptoms (malaise, fever, headache and polymyal-
gia), then from laboratory markers of early phase inflamma-
tion. Symptoms related to ischemic consequences of arterial 
stenosis may take more days or weeks to relieve (jaw claudi-
cation, temporary visual impairments, arm claudication). 
Temporal artery biopsy can remain positive for up to 6 weeks 
after treatment commencement. On the other hand, histo-
logical negativity should not exclude diagnosis of GCA in the 
presence of other three criteria (Table  2.3 ), whereas lack of 
rapid response to therapy in terms of systemic inflammation 
signs should induce to reconsideration of the diagnosis 
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(Fig.  2.4 ). Only after disappearance of clinical symptoms, gen-
erally after at least 3–4 weeks, gradual dose tapering can be 
started [ 69 ]:

•      dose is reduced by 10 mg every 2 weeks to 20 mg;  
•   thereafter, the dose is reduced by 2.5 mg every 2–4 weeks 

to 10 mg;  
•   finally it is reduced by 1 mg every 1–2 months provided 

there is no relapse.    

 Prevention of osteoporosis (calcium, vitamin D and bisphos-
phonate) and gastrointestinal protection (proton pump inhibi-
tors) should be considered, since glucocorticoid therapy is 
generally prolonged for several years (5–6 on average) [ 70 ]. In 
order to reduce steroid-related untoward effects, adjunct of 
other immunosuppressors has been tested. Only one published 
trial used azathioprine to this purpose, with the result of reduc-
ing the total dose of steroids administered over 52 weeks, 
however with a high rate of withdrawal because of azathio-
prine side-effects [ 71 ]. Methotrexate adjunctive therapy was 
tested in GCA patients three studies with conflicting results 
[ 72 – 74 ]: however, a meta-analysis including those three studies 
revealed that methotrexate allowed a significant reduction in 
the cumulative dose of corticosteroids at 48 weeks of therapy, 
but not in the frequency of adverse events, and significantly 

    Table 2.3    Diagnostic criteria for giant cell arteritis (according to the 
American College of Rheumatology)   
 Age of 50 years or more at disease onset 

 New localized headache 

 Temporal artery abnormalities to palpation (tenderness or 
decreased pulsation) 

 Erythrocyte sedimentation rate >50 mm/h 

 Mononuclear cell infiltration or granulomatous inflammation 
with or without giant cells in arterial biopsy 

  If at least three criteria are present, the diagnosis is made, with sen-
sitivity and specificity of 94 and 91 % respectively  
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Early suspect of GCA

Key features
(see table 2.3, first four criteria)

Immediate start of
glucocorticosteroid therapy
Uncomplicated : Prednisolone 40 mg daily
Complicated : Prednisolone 60 mg daily

Urgent referral for
specialist management
TAB, Ophthalmological assessment

Gradual glucocorticosteroid
tapering after disease control

Monitoring:

• Disease activity related: relapse, large-vessel GCA

• Treatment related : weight, fractures, blood

  pressure, glucose, cataracts, glaucoma, lipids, skin

• Consider MTX

Biopsy
positive

Specialist review

Treat as
biopsy-positive GCA

Rapid steroid tapering
(within 2 weeks)
Treat alternative

diagnosis

Specialist review

• Clinical suspicion high or

• US suggests GCA or

• complications of GCA

• Clinical suspicion low or

• Atypical features or

• alternative explanations

Biopsy
negative

  Figure 2.4    Schematic flowchart of diagnosis and treatment initia-
tion for giant cell arteritis. Note that the existence of forms with 
negative temporal artery biopsy prompts to commence treatment 
even before a specialist review has confirmed the diagnosis 
(Modified and readapted from Ref. [ 69 ] by permission of Oxford 
University Press on behalf of the British Society of Rheumatology)       
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reduced the risk of a first and second relapse [ 75 ]. In those tri-
als, of note, methotrexate was administered at doses between 
7.5 and 15 mg/week, throughout the follow-up period (mean 55 
weeks), whereas it has been suggested that higher doses (20–
25 mg/week) should be evaluated in GCA patients [ 75 ]. 

 GCA patients presenting with aortic involvement are 
treated with corticosteroids at the same doses as patients with 
cranial GCA, although it is currently not known whether they 
would benefit from higher doses. The frequent occurrence of 
aortic aneurysm, and, more rarely but earlier in the natural 
history, of aortic dissection in GCA patients suggests that cor-
ticosteroid doses sufficient to revert the signs and symptoms of 
temporal arteritis may be inadequate to suppress or prevent 
vasculitis of the large arteries. Data on aortic  complications in 
patients under steroid treatment are sparse and based on small 
series, however the emergence of novel adjuvant therapies 
(including TNF-α-antagonists and IL-6 receptor antibodies;  see 
next section ) holds promise to address the possible need for 
more effective suppression of the immunitary and inflamma-
tory response in large-vessel forms of GCA. Indeed, the 
improvement in the knowledge of GCA pathophysiology has 
brought about new concepts affecting treatment protocols. The 
most important of those novel concepts is that the local vascu-
lar inflammatory component of the pathogenesis follows 
mechanisms of development at least in part independent from 
those underlying the systemic immune response. Vasculitis has 
been found to persist even after systemic syndrome remission 
with glucocorticoid therapy [ 76 ], and IL-6 levels increase after 
discontinuation of steroids, suggesting that the usual doses 
given to patients induce a rapid remission of the systemic 
inflammatory response, even though the local arteritis persists 
for a greater duration [ 77 ]. 

 Aspirin has been suggested in addition to steroid therapy, 
with the aim to reduce ischemic complications, however with 
contrasting evidences from non-randomized studies [ 78 ,  79 ]. 
Experimentally, aspirin has been shown to suppress IFN-γ 
transcription and enhance the suppression exerted by dexa-
methasone in GCA lesions [ 80 ], therefore it has been 

A. Della Corte et al.



97

 suggested to also have a possible immuno-modulating effect; 
whether it can be useful within steroid-sparing strategies 
needs to be confirmed in clinical controlled trials. A low dose 
(75–150 mg/day) is today recommended by the EULAR [ 53 ] 
in all GCA patients unless contraindications exist. 

 Since there is no completed placebo-controlled random-
ized clinical trial, the level of evidence for the management of 
 Takayasu’s Arteritis  is low, generally reflecting the results of 
open studies, case series and expert opinion [ 53 ,  81 – 83 ]. The 
first-line medical treatment of TKA includes corticosteroids 
and conventional immunosuppressive agents, such as metho-
trexate, mycophenolate mofetil (MMF), azathioprine, cyclo-
phosphamide. In patients who remain resistant and/or 
intolerant to these therapies, biologic agents ( see next section ) 
appear a promising adjunct. Antiplatelet treatment may lower 
the frequency of ischemic events in patients with TA [ 81 – 83 ]. 

 The EULAR recommendation of starting therapy with 
1 mg/kg/day of prednisolone or equivalent applies also to 
TKA treatment. As for GCA, such treatment must commence 
as soon as the diagnosis is done. The initial dose is maintained 
for at least 1 month, then if symptoms of active disease show 
resolve and acute-phase reactants normalize, doses are gradu-
ally tapered. A suggested tapering protocol includes [ 82 ]:

•    reduction by 5 mg/week to reach 20 mg/day;  
•   reduction by 2.5 mg/week to reach 10 mg/day;  
•   reduction by 1 mg/week until discontinuation.    

 During steroid tapering it is quite common to observe 
relapses of the inflammatory activity: these are usually man-
aged by up-titration of steroids and/or adjunction of immuno-
suppression. There is no evidence showing which of the 
different immunosuppressive agents is superior in the treat-
ment of TKA, as no randomized study has compared their 
efficacy. Since methotrexate is inexpensive, easily available and 
relatively safe, it represents the first choice of many physicians 
(0.3 mg/kg/week, up to 15 mg/week) [ 84 ]. Methotrexate should 
be accompanied with folic acid 1 mg/day and trimethoprim/
sulfamethoxazole double strength three times per week for 
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prophylaxis against  Pneumocystis  pneumonia. Azathioprine is 
usually commenced at a dose of 2 mg/kg/day, MMF at 1.5 g 
twice per day and cyclophosphamide at 2 mg/kg/day [ 53 ,  82 ]. 
When the adjunct of immunosuppression fails to maintain 
disease remission, then TKA is classically considered to be 
refractory to conventional therapy. More recently, a Turkish 
study [ 85 ] defined refractory disease as angiographic or clinical 
progression despite treatment or the presence of any of the 
following characteristics: (1) prednisolone dose >7.5 mg/day 
after 6 months of treatment, despite administration of conven-
tional immunosuppressive agents; (2) new surgery due to per-
sistent disease activity; (3) frequent attacks (more than three 
per year) and (4) death associated with disease activity. 

 Of note, the rate of need for surgical revascularization in 
patients with stenotic evolution of arterial vasculitis can be 
high (about 70 %) notwithstanding good response to therapy 
in terms of inflammatory activity, which is achieved in as high 
as 60–80 % patients, regardless of the duration of remission; 
however, about 50 % of patients who present a first remis-
sion, can experience at least one relapse episode [ 81 – 83 ]. 
Novel vascular lesions are also observed in patients who 
received timely diagnosis and underwent prompt treatment, 
and the common belief of experts is that currently established 
medical treatments for TKA are severely flawed. In this per-
spective, the relatively low rate of disease relapse that have 
been reported in patients receiving adjuvant biologic agents, 
such as anti-TNF-α therapy, is noteworthy ( see next section ) 
[ 86 ]. However, confirmation of these observations in rigorous 
randomized controlled studies is warranted. 

 As for aortitis associated with GCA and TKA, also aortitis 
associated with other vasculitides and systemic rheumatic 
syndromes is treated by the same pharmacologic protocols as 
the primary disease. Even for those conditions that more 
frequently present with aortic involvement (e.g. ankylosing 
spondylitis, Cogan’s syndrome, Behçet’s disease), no specific 
treatment modifications are contemplated when the aorta is 
involved. Pharmacotherapy is based on glucocorticoids and 
immunosuppressive agents, whereas biologic agents are 
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being tested in either experimental or already clinical set-
tings, but they do not have a well-established role yet. The use 
of initial high dose intra-venous corticosteroids (methylpred-
nisolone, 15 mg/kg of ideal body weight/day for the first 3 
days) has been found in a single small randomized controlled 
trial [ 87 ] to allow for more rapid tapering of oral steroids and 
higher frequency of patients experiencing sustained remis-
sion of their disease after discontinuation of treatment, in the 
setting of GCA. This protocol is today incorporated in the 
official recommendations [ 53 ,  69 ] for complicated GCA, but 
independent of aortic involvement: whether it could be 
advantageous in this specific severe form and in the other 
non-infectious forms of aortitis is still to be investigated.  

    Novel Therapies for Non-infectious Aortitis 

 Glucocorticoids are the keystone of medical treatment for 
aortitis, but this disease is still affected by a high incidence of 
morbidity, and even mortality, because of the disease and its 
treatment. During the initial treatment with high dose gluco-
corticoids a dramatic improvement of symptoms is usually 
observed, but still a high incidence of side effects is ascribed to 
steroid agents, such as bone fractures, avascular necrosis of the 
hip, diabetes mellitus, infections, hypertension, gastro- intestinal 
hemorrhage, posterior sub-capsular cataract and hypertension 
[ 70 ]. Not of secondary importance, long term steroid therapy 
may affect connective tissue remodeling inside the aortic 
media, thus being a concomitant cause of aneurysm develop-
ment and dissection occurrence in the setting of rheumatic 
aortitis [ 88 ]. For this reasons, the need for novel therapeutic 
strategies has been advocated, in order to safely allow steroids 
tapering and minimize the risk of disease relapse. 

 The last frontier is represented by biologic agents, that are 
immunoglobulins targeted against inflammatory mediators 
such as TNF-α, IL-6, IL-1, IFN-γ, or their receptors (Fig.  2.5 ): 
for some of them, the data available on their chronic use in 
vasculitides potentially involving the aorta are absolutely 
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  Figure 2.5    Cartoon depiction of the immune response steps tar-
geted by different classes of biologic agents. Of those here repre-
sented, anti-TNF-α agents and the immunomodulator rituximab 
have been both employed as adjuvant therapies in large-vessel vas-
culitides (From Amezcua-Guerra [ 89 ])       
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preliminary and, although promising, the results still need 
confirmation in large series.

   Anti-TNF-α molecules have been experimented in GCA 
and TKA, after the evidence of a pathogenic role for TNF-α 
in granulomatous inflammation. TNF-α is a product of differ-
ent white blood cells involved in the chronic inflammation 
such as macrophages, T-cells, and natural killer (NK) cells. 
With an autocrine mechanism, TNF-α stimulates macro-
phages to produce IL-12 and IL-18 that contribute to amplify 
the inflammatory response acting on CD4 +  T-lymphocyte dif-
ferentiation and NK cells activation. IFN-γ production that 
leads to macrophages recruitment and activation on the 
inflammation site, is itself stimulated by IL-18 [ 86 ]. High cir-
culating levels of TNF-α have been reported in GCA and 
TKA, and TNF-α is expressed by macrophages and dendritic 
cells in granulomatous vascular infiltrates, suggesting that this 
cytokine might be responsible for both systemic and local 
manifestations of the disease [ 90 ,  91 ] and providing the ratio-
nal for anti-TNF-α therapy in both GCA and TKA. 

 There are three commercially available anti-TNF-α agents: 
 etanercept ,  infliximab  and  adalimumab . Etanercept is a fusion 
protein of two subunits of the TNF receptor with the Fc por-
tion of human IgG1. Infliximab is a murine-human chimeric 
monoclonal IgG1 antibody that binds to human TNF, causing 
its inactivation. Adalimumab is a recombinant, fully human 
IgG1 monoclonal anti-TNF-α antibody that specifically binds 
to the cytokine, blocking its interaction with the cell surface 
TNF receptors and thereby modulating TNF-induced or 
-modulated biological responses. The majority of the studies 
about the use of anti-TNF-α in large-vessel vasculitides 
assessed the effects of etanercept or infliximab; currently, 
there are limited data on the use of adalimumab to treat any 
form of vasculitis [ 92 ,  93 ]. A randomized, placebo-controlled, 
double-blind, multicenter trial was published, aiming at 
determining whether in patient with newly diagnosed GCA 
infliximab (5 mg/kg at weeks 0 and 6, and every 8 weeks 
thereafter), added to a standardized glucocorticoid protocol 
therapy, would provide benefits in terms of relapses, steroid 
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doses and toxicity. The study was prematurely stopped 
because an interim analysis showed no significant effect of 
infliximab on any of the outcome variables of the study, while 
there was a non-significant trend for more infections in the 
infliximab than in the placebo group [ 92 ]. TNF-α inhibitors 
have proved more effective in patients with longstanding, 
relapsing GCA. Seventeen patients affected by biopsy- 
proven GCA, controlled by conventional therapy but pre-
senting steroid-related comorbidities, were randomized to 
receive etanercept (25 mg twice a week subcutaneously) or 
placebo, and therefore glucocorticoids were tapered follow-
ing a fixed schedule. Efficacy analysis showed that 50 % of 
the patients in the etanercept group compared to 22 % in the 
placebo group reached the primary end point of glucocorti-
coid withdrawal at 12 months. Etanercept group also had a 
significant lower dose of accumulated prednisone and a 
minor percentage of patients in this group suffered from 
relapses. These differences, however, did not reach statistical 
significance, possibly owing to the small sample size. These 
results suggest that etanercept may be beneficial and well 
tolerated in the subgroup of GCA patients with GC-refractory 
disease [ 93 ]. 

 A promising preliminary evidence of TNF modulators 
efficacy in Takayasu’s arteritis has been observed in two 
open-label small studies [ 86 ,  94 ]. Sixty-seven percent of 15 
patients with steroid-resistant TKA treated with anti-TNF-α 
therapies achieved sustained remission of disease that lasted 
1–3.3 years [ 86 ]. The long-term efficacy and safety of anti-
TNF- α therapy was thereafter assessed in 25 patients with 
refractory TKA treated with either etanercept (25–50 mg 
twice a week) or infliximab (at initial dose of 3–5 mg/kg every 
8 weeks): remission was achieved and prednisone was discon-
tinued in 60 % of patients and successfully tapered below 
10 mg/day in an additional 28 % of patients, while 9 out of 18 
patients treated with other immunosuppressive agents could 
taper or discontinue the additional agent [ 94 ]. Verifying the 
efficacy of anti-TNF therapy in a larger randomized trial will 
be crucially important. 
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 Another molecule involved in the transition from acute to 
chronic inflammation is IL-6. This cytokine triggers the syn-
thesis of acute phase proteins, promotes the activation, prolif-
eration and differentiation of different lines of T-cell 
lymphocytes and also leads the terminal differentiation of B 
cells, prolongs the survival of plasma-cells and stimulates 
monocytes, endothelial and stromal cells to take part in the 
inflammatory process [ 95 ]. Both in GCA and in TKA, IL-6 
levels, both circulating and in the vessel, correlate with the 
activity phase of the disease. Based on this evidence, the 
humanized monoclonal IL-6 receptor antagonist  tocilizumab  
has been proposed as a new treatment for large-vessel vascu-
litis, to limit auto-reactive lymphocyte differentiation in the 
affected vessels. 

 There are in the literature only case reports and very small 
series of tocilizumab treatment in patients affected by GCA 
(mostly refractory forms, but also few newly diagnosed dis-
ease cases), for a total of about 20 patients. Most common 
tocilizumab dosage used in those studies was 8 mg/kg every 4 
weeks. The agent proved to be effective in lowering steroid 
dosage and in obtaining a 2-to-6-month relapse-free interval 
after tocilizumab discontinuation. Tocilizumab has been tol-
erated without major adverse events, and common side 
effects were cytopenia and increased levels of liver enzymes. 
However, persisting histological inflammation has been 
reported, suggesting that although tocilizumab may lead to 
symptomatic improvement, it is not curative [ 96 ]. 

 In patients affected by TKA, IL-6 might be involved both in 
the early stage of the disease, stimulating T-cell differentiation 
and recruiting monocytes, and at the later stage in the pro-
cesses of angiogenesis and fibrosis. There are 17 fully published 
cases of tocilizumab therapy in TA mostly refractory to high 
doses of GC and other concomitant immunosuppressive thera-
pies. The introduction of tocilizumab achieved disease control 
in all patients, and helped to reduce GC dosage after 3–6 
months of combined therapy. Only three cases of relapses 
occurred while still on tocilizumab, another one relapsed after 
3 months of discontinuation of the therapy [ 97 ]. 
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 Regarding monitoring of disease activity during therapy 
with tocilizumab, it should be noted that anti IL-6R mole-
cules act directly on the liver, to block the production of acute 
phase proteins. Therefore, monitoring should rely on clinical 
and radiological findings more than on the currently avail-
able laboratory markers. 

 B-lymphocytes represent an attractive target for providing 
more specific immunosuppression in the setting of vasculitis. 
In animal models, B-cells have been shown to be necessary 
not only for the development of diseases traditionally thought 
to be antibody driven, but also for diseases in which B-cells 
were believed to play a minor role. B-cells are not only the 
precursors of plasmacells, but they also exert “antibody- 
independent” functions influencing the immune response 
[ 98 ], including the expression of co-stimulatory molecules 
and release of mediators that drive CD4 +  response, T-reg dif-
ferentiation and maintenance of T-cell memory. Presence of 
B-cells has been demonstrated in affected vessels of GCA 
patients, thus they might be pathogenetic [ 7 ]. Also in TKA, a 
role for B lymphocytes has been postulated, based on the 
evidence of inflammatory infiltrates from aortic specimens 
containing B-cells and of anti-endothelium antibodies levels 
in the serum reflecting disease activity; moreover, an increased 
number of circulating plasmablasts and memory B cells have 
been reported in the active phase of the disease [ 96 ]. 

  Rituximab  is a chimeric IgG1 antibody that binds to CD20 
expressed on the surface of B-lymphocytes and depletes circu-
lating naive and memory B cells for 6–12 months via FcgR- 
mediated antibody dependent cell cytotoxicity and complement 
dependent cytotoxicity. 

 One single patient report is available demonstrating dra-
matic response to rituximab (1,000 mg) preceded by methyl-
prednisolone intravenously (100 mg) in a patient previously 
showing relapsing GCA on high dosage of prednisone plus 
intravenous cyclophosphamide (500 mg). A drop in the B 
lymphocyte count was observed, associated with symptom 
improvement and disease remission confirmed both by labo-
ratory markers and 18FDG-PET imaging, maintained for the 
entire follow-up time of 6 months [ 99 ]. 

A. Della Corte et al.



105

 The use of rituximab in TKA is reported in three case 
series with good results in five of six patients, all refractory to 
previous therapy with multiple immunosuppressive agents. 
Although promising, the very limited number of patients and 
the short follow-up (the longest one being 14 months) calls 
for further investigations to better understand the real 
impact of rituximab in this setting [ 96 ]. 

 In the recently expanding pharmacological armamentarium 
against large-vessel vasculitis, also  leflunomide  has been intro-
duced, an immunomodulating agent already widely used in 
rheumatoid arthritis, that interferes with dendritic cell matura-
tion, reducing the production of pro-inflammatory cytokines 
and T-cells stimulation. Leflunomide can reduce IL-6 levels, 
known to be elevated in large vessel vasculitis, but unlike tocili-
zumab, it is orally administered and less expensive. 

 In a case series, leflunomide at doses of 10–20 mg was used 
as adjunctive therapy on 23 patients with difficult-to-treat GCA 
and  polymyalgia reumatica . It was well tolerated, with favorable 
impact on both clinical and laboratory picture and helped ste-
roid tapering in the majority of cases [ 100 ]. In a recent prospec-
tive study leflunomide was used at 20 mg/day in 15 patients with 
TA whose disease was refractory to GC and other immunosup-
pressant agents. Twelve patients had a favorable clinical 
response, i.e. a reduction of disease activity scores, CPR levels 
and dose of prednisone after a mean treatment duration of 9 
months. However, two patients had imaging evidence of 
relapses, and at the end of follow-up the mean daily prednisone 
dose in the entire series was still superior to 10 mg [ 101 ]. 

 Concerning the other, rarer forms of vasculitis that can be 
accompanied by aortitis, also in Cogan’s syndrome ( see One 
definition for multiple diseases: classification, epidemiology, etio-
pathogenesis of this chapter    ) novel biological therapies have 
been used: etanercept proved not effective in preserving hear-
ing loss, however, it improved word identification and recogni-
tion; infliximab appeared to be effective in inducing and 
maintaining remission in patients with therapy-resistant CS, 
and it is believed to provide even greater benefit when initiated 
at an early stage of the disease [ 14 ]. The successful use of inflix-
imab, adalimumab and also rituximab in single case reports of 
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patients with relapsing-polychondritis-associated aortitis ( see 
first section ) has been reported, however not always capable to 
prevent aortic aneurysm development [ 102 ]. A metaanalysis 
including 20 studies with data from 3,096 patients affected by 
ankylosing spondylitis confirmed the beneficial effect of adjunc-
tive therapy with TNF-α blockers in terms of both disease activ-
ity and functional capacity [ 103 ]. A promising opportunity for 
the use of anti-TNF-α therapy in Behçet-disease-associated 
vasculitides ( see first section ) arises from a number of studies 
that mainly evaluated this therapy in the setting of ocular 
inflammation. However, until results from adequately powered, 
randomized trials become available, anti-TNF-α agents should 
continue to be used with caution in BD, and their use should be 
limited to those patients with severe manifestations that have 
not responded to traditional treatments [ 102 ,  104 ]. 

 Further studies are needed for a comprehensive knowl-
edge of the immunopathogenetic mechanism of the individ-
ual vasculitides possibly involving the aorta, in order to 
identify new biomarkers to monitor disease activity and find 
new potential targets for pharmacotherapy. Studies are also 
warranted to establish with a higher level of evidence the role 
of biological agents in the adjuvant treatment of the large- 
vessel forms of vasculitides.  

    Pharmacotherapy in Infectious Aortitis 

 Antibiotic therapy is a fundamental part of the treatment of 
infectious aortitis, along with surgery. As soon as diagnosis is 
suspected, intravenous antibiotics should be initiated with 
broad antimicrobial coverage, even before microbiologic 
results are available. Later, antibiotic therapy may be shift 
accordingly to the microorganisms identified form blood cul-
tures and their antibiotic susceptibility. If there is no high risk 
of impending aortic rupture, it is reasonable to start antibiot-
ics for 2–4 weeks before surgery to improve local infection 
and therefore reducing the risk of post-operative infective 
complications [ 105 ]. 
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 There is no consensus concerning length of antibiotic ther-
apy because it depends on surgical treatment, bacteria, aortic 
localization, and patient’s risk factors. Commonly antibiotics 
are prolonged for 6–12 weeks after surgical  debridement, or 
even longer in case of immunosuppressed patients, or persis-
tent positive blood cultures and high biochemical parameters 
of inflammation. Some authors recommend life- long antibi-
otics in cases of difficult microorganisms or in situ prosthetic 
bypass [ 105 ]. Despite aggressive therapy, mortality associated 
with infectious aortitis remains high, mostly due to a high rate 
of aortic rupture. 

 Non-typhoid Salmonella spp., reported to be the most fre-
quent causative microorganisms for infectious aortitis, are 
susceptible to fluoroquinolones and third generation cepha-
losporins. High-dose bactericidal therapy should be main-
tained for at least 6 weeks after the operation. Subsequently, 
long-term suppressive therapy with a bactericidal antibiotic 
should be used [ 106 ]. 

 For systemic streptococcal infection a synergistic bacteri-
cidal association of benzylpenicillin (or vancomycin in cases 
of penicillin resistance) with gentamicin is usually adminis-
tered [ 107 ]. Vaccination with polysaccharidic multivalent vac-
cine is recommended, notably for immunodeficient patients, 
to prevent mycotic aneurysm caused by  S. pneumoniae  [ 41 ]. 

 For severe staphylococcal infections, flucoxacilline is the 
antibiotherapy of choice, in association, especially as start 
therapy, with gentamicin or oral fusidic acid or rifampicin. 
Erythromycin, vancomycin or parental cephalosporine can 
be considered in case of penicillin allergy [ 108 ]. 

 Late syphilis is treated with penicillin G bezathine, 2.4 mil-
lion units i.m. weekly for a total of three administrations. 
Doxycycline or ceftriaxone can be used as an alternative 
protocol in case of documented penicillin allergy [ 109 ]. 

 Mycobacterial aortitis is rare and antibiotic treatment 
should follow the therapeutic scheme provided for general 
mycobacterial infections, with an association of isoniazid 
(300 mg/day three times weekly), rifampicin (450–600 mg/day 
three times weekly), pyrazinamide (1.5–2 g/day three times 
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weekly) and also ethambutol (15 mg/kg weekly) in cases of 
suspected drug-resistant organisms, for a total of 2 months of 
treatment. The continuation therapy should be maintained 
for 4 months with isoniazid and rifampicin [ 110 ].   

    The Role of Invasive Treatment in Aortitis 

 Immunosuppressive drugs and antibiotics are the mainstay of 
the treatment of non-infectious and infectious aortitis respec-
tively and no invasive treatment is required for non- complicated 
aortitis under medical treatment. However, when complica-
tions occur, invasive treatment is the only possible approach: 
such complications include chronic aneurysmal dilatation 
(more often of the aorta itself) and progressive stenosis (more 
often of its branches). Acute complications are represented by 
the life-threatening occurrence of acute aortic rupture or dis-
section, with or without aneurysm, and by stroke. 

 In non-infectious aortitis, the indications to invasive treat-
ment do not differ from those for other etiologies causing 
similar complications, such as degenerative aneurysms or 
atherosclerotic stenosis. Both surgical and endovascular 
approaches have been applied in the management of aortic 
complications of aortitis, both for the prevention of aortic 
catastrophes and for the relief of chronic ischemic organ 
damage [ 111 ]. However, with both approaches, all guidelines 
concord in recommending elective surgery during the remis-
sion phase of the inflammatory disease: when emergency 
interventions are performed without previously controlling 
the inflammatory process, postoperative complications such 
as anastomotic dehiscence, pseudoaneurysm and restenosis 
are frequent [ 32 ,  53 ,  69 ]. 

 In Takayasu’s arteritis, it has been estimated that the need 
for invasive treatment is encountered in at least 50 % of 
patients under immunosuppressive therapy [ 112 ], in some 
cases even in apparent remission phase. The longer the follow-
 up after anti-inflammatory/immunosuppressive treatment 
start, the higher the rate of complications requiring surgery or 
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endovascular therapy, reaching as high as 70 % over a mean 
period of 3 years [ 82 ]. There are no randomized trials of surgi-
cal versus endovascular treatment in TKA- associated aortitis. 

 Concerning stenotic lesions, percutaneous trans-luminal 
angioplasty (PTA) was widely used for relief of short- 
segment lesions, and initial reports revealed excellent results 
[ 113 ]; however, since restenosis can occur in more than three- 
fourths of the procedures, PTA might be better used only in 
selected cases [ 81 ]. It has been suggested that endovascular 
aortic repair (EVAR) can be advantageous inasmuch as it 
isolates a tract of the vessel wall from flow, by covering it with 
a stent graft, with a possible benefit for the inflammatory 
process [ 114 ]: reported restenosis rate is 17 % over 2 postop-
erative years [ 115 ]. Some authors also administer aspirin and 
clopidogrel perioperatively, to reduce the incidence of reste-
nosis [ 81 ]. Surgical intervention has been demonstrated to 
improve long-term survival in TKA, with restenosis rates 
ranging between 8 and 30 % during 6 postoperative years 
[ 116 ], and it is considered the treatment of choice in the pres-
ence of long-segment stenosis, extensive periarterial fibrosis 
or complete occlusion. However, the results of bypass surgery 
in TKA are worse than in atherosclerotic occlusive disease, 
also due to the existence of clinically silent but locally active 
forms of vasculitis [ 117 ]. 

 The presence of aneurysmal evolution, compared to steno-
sis, is a more unfavorable condition in TKA, with respect to 
surgical results: anastomotic pseudoaneurysm has been 
reported in up to 12 % patients only 2 years following surgery 
[ 118 ]: this prompts continuous and assiduous clinical and imag-
ing surveillance of patients in the postoperative long-term. 

 When GCA is complicated by axillary or subclavian artery 
stenosis or occlusion, treatment involves surgical revascular-
ization, with arterial bypass grafting from the common carotid 
artery, more often than EVAR, since stenosis in GCA usually 
involves longer segments. [ 119 ]. Open aortic reconstructive 
surgery is generally the standard of treatment also for aortic 
aneurysms associated with GCA, although endovascular tech-
niques have been used [ 120 ]. Although endovascular  treatment 
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has the theoretical advantage of avoiding extensive manipula-
tion of inflamed aortic tissue, there have been no head-to-
head trials of the optimal strategy for  managing aortic 
aneurysm in patients with aortitis. 

 Idiopathic aortitis, when complicated by inflammatory 
aneurysm of either thoracic or abdominal aorta, requires sur-
gical operation, which in such cases usually results more tech-
nically demanding than in other forms of aortitis, owing to the 
hostile operative field with usual abundant peri- aneurysmal 
fibrosis and adherence with surrounding structures [ 121 ]. 
Consequently, perioperative mortality is threefold increased 
compared to surgery for other aortitides. EVAR has been 
demonstrated to be safer, although with higher rates of reop-
erations in the follow-up, mainly due to endoleaks [ 121 ]. 

 An infectious aortitis is usually discovered late, compared 
to the time of onset of the infective process, and generally 
when diagnosis is made a mycotic aneurysm has already 
developed. Therefore, although antibiotherapy can “steril-
ize” an infected aneurysm, the definitive treatment, aimed at 
preventing potentially lethal rupture, is surgical, and surgery 
is usually required during the same hospitalization as for 
initial medical treatment [ 24 ]. The indications for mycotic 
aneurysm management do not differ from those for other 
aortic aneurysms (i.e. aortic diameter exceeding 5.5 cm) [ 28 ]. 
Two different approaches exist in surgery for infective aorti-
tis, namely extra-anatomical bypass and direct repair with 
interposed grafts. The bypass approach, with debridement 
and ligation of the infected (generally abdominal) aorta, 
offers the advantage of being less prone to dehiscence and 
recurrence of infection, since the grafts are brought through 
uninfected tissue, however they imply a risk of graft throm-
bosis with consequent need for reoperation. Graft interposi-
tion, with removal of the affected segment, is the procedure 
of choice today, implying however a higher risk of early graft 
infection. This latter complication seems less likely to occur 
with the use of human allografts than with prosthetic grafts 
[ 122 ]. EVAR has been proposed and applied also in infec-
tious aortitis and aneurysms, and a meta-analysis including 
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48 patients showed a 12-month mortality of 10 %, lower than 
with surgery. However reinfection of the treated segment, 
especially in  Salmonella spp . infections, can occur and it car-
ries a very high incremental risk of mortality, since surgical 
removal of the endograft is needed. Randomized trials to 
define the best invasive treatment approach to infective aor-
titis are still lacking [ 105 ].     
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         Aortic aneurysm  is defined as a permanent focal aorta 
 dilatation. with at least a 50 % increase in diameter compared 
with the expected normal diameter Thoracic aortic aneu-
rysms (TAA) may involve one or more aortic segments (aor-
tic root, ascending aorta, arch or descending aorta). Sixty 
percent of TAAs involve the aortic root and/or ascending 
tubular aorta, 40 % the descending aorta, 10 % the arch, and 
10 % the thoracoabdominal aorta. In the ascending aorta, 
genetic factors are of major importance and in the descend-
ing aorta, the risk factors for atherosclerosis are of major 
importance. 
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 Thoracic aortic aneurysm has an estimated incidence of 
approximately 10 per 100,000 person-years [ 1 ]. The natural 
history and treatment strategy depend on the location of the 
aneurysm and its underlying cause (Fig.  3.1 ).

   Actually, available literature about TAA is limited, and 
there has been very few medical studies in this group of 
patients for several reasons:

   TAA is a rare disease.  
  TAA is usually not responsible for any symptoms before a 

complication occurs.  
  Discovery of TAA requires imaging of the aorta, usually 

indicated for other reasons.  
  The disease is usually discovered when the dilatation is 

large and therefore the period of time during which a 
therapy can be tested is limited.    

 Familial screening of TAA related for genetic defects 
should permit early discovery of some aortic diseases. 
However, recognition of the genetic nature of TAA and 
awareness of the cardiologic community are only recent. 

Frequency (%)

Genetic

BAV

TAV sporadic

Age (years)

3

2

2

1

1

5

0
10 38.3 54.6 67.5 90

  Figure 3.1    Age at surgery according to the type of TAA       

 

G. Jondeau et al.



123

 In the absence of a large population of patients with long 
follow-up, it is difficult to test a medical therapy according to 
medical standards (i.e. evidence based medicine). The only 
studies available were conducted in selected populations with 
TAA of genetic aetiology, such as Marfan syndrome. This 
approach allows for early recognition of patients “at risk” of 
developing TAA (since they have a genetic defect), but 
Marfan syndrome remains a rare disease, and the studies 
performed therefore included limited number of patients (cf 
Marfan syndrome Chap.      4     for complete discussion). To date, 
no medical therapy has been clearly demonstrated to be asso-
ciated with decreased mortality or complication rate. 

 Although aneurysms reaching a certain size are generally 
treated with surgery or endovascular therapy, many aspects 
of their medical management should be considered first. 

 Therefore, when caring for TAA patients medically, we 
lack evidenced based medicine, and are left with only reason-
ing, as was medicine in the preceding century, i.e., an art! As 
a result, the proposals made below cannot be considered as 
established truth, and the aim of this review is discuss the cur-
rent state of the art. 

 If reasoning is the forefront on medical therapy in a 
patient with TAA, the first aim should be to assess the natural 
history of the disease and to seek for a modifiable etiologic 
factor, and treat it accordingly. 

 In fact TAA can be due to multiple etiologies, with varying 
prognosis (Fig.  3.1 ). 

    Aetiologies of TAA 

    From family studies, it is estimated that 20 % of TAAs are due 
to genetic diseases. The common pattern of inheritance seems 
to be autosomal dominant with different penetrance levels [ 2 ]. 
Among other risk factors, more important for the descending 
thoracic aorta, smoking has the strongest association with 
TAA. Dyslipidemia and hypertension are less powerful risk 
factors, considered to be associated mainly with the occurrence 
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of AAA, although some data suggest that hypertension may 
actually be more closely associated with and is certainly a risk 
factor for dissection [ 3 ]. Men are more often affected than 
women (this is true whether an aneurysm is secondary to 
genetic factors or not). Advanced age, hypertension, chronic 
obstructive lung disease, and coronary artery disease are also 
associated risk factors for descending TAA [ 4 ]. 

    Genetic Forms of TAA (Predominant 
in the Ascending Aorta) 

 The most common genetic aetiology for TAA is a mutation in 
the  FBN1  gene, by far the most frequent cause of Marfan 
syndrome. Beyond  FBN1  gene mutations, other genes have 
been implicated in the development of TAA, and can be 
grouped into different categories (Montalcino Aortic 
Consortium Classification) [ 5 ] (Table  3.1 , Fig.  3.2 ).

     1.    Mutation within genes coding for an extra-cellular matrix 
protein ( FBN1 ,  COL3A1 ). Such mutations are responsible 
for syndromic TAA, i.e. TAA associated with extra-aortic 
features (Marfan Syndrome, and vascular Ehlers Danlos 
syndrome).

    (a)    Marfan syndrome is usually secondary to mutations in 
the  FBN1  gene and leads to multisystem fi ndings 
including skeletal features (tall stature, scoliosis, pectus 
deformities, elongated fi ngers and toes, hyperfl exibil-
ity), ocular involvement (lens dislocation, high myo-
pia), striae atrophiae, pneumothorax, and cardiovascular 
disease (aortic root aneurysm, aortic dissection, mitral 
valve prolapse) [ 6 ,  7 ]. See Marfan syndrome Chap.   4       

   (b)    Vascular Ehlers Danlos syndrome (vEDS) can be sus-
pected on a variety of symptoms (medium sized 
 arterial rupture, digestive complication such as bowel 
perforation, uterine rupture during pregnancy [ 8 ], and 
is confi rmed nowadays by genetic testing (presence of 
a mutation at the  COL3A1  gene encoding the pro- 
alpha 1 chain of type III procollagen. Actually, aortic 
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   Table 3.1    Genetic etiologies of TAA (Montalcino Aortic Consortium)   
 Gene  Molecule  Phenotype 
  ECM  

 FBN1  Fibrillin-1  Marfan syndrome 

 COL3A1  Type3 procollagen  Vascular Ehlers–Danlos syndrome 

 COL4A5  Type4 procollagen  Alport syndrome 

 EFEMP2  Fibulin-4  Cutis laxa 

  TGFβ path  

 TGFBR1  TGF-β receptor-1  FTAAD/LDS 

 TGFBR2  TGF-β receptor-2  FTAAD/MFS/LDS 

 TGFB2  TGF-β2  FTAAD 

 SMAD3  SMAD3  FTAAD/AOS 

  Contractile  

 ACTA2  α-actin  FTAAD 

 MYH11  Myosin heavy chain-11  FTAAD 

 MYLK  Myosin light chain 
kinase 

 FTAAD 

 PRKG1  cGMP-dependent  FTAAD 

 FLNA  Filamin-A  Cerebral heterotopias/Aortic 
aneurysm 

 TSC2  Tuberin  Tuberous sclerosis complex 

  Others  

 JAG1  JAGGED-1  Alagille syndrome 

 NOTCH1  NOTCH-1  Bicuspid aortic valve/Ao aneurysm 

 SLC2A10  Glucose transporter 10  Arterial tortuosity syndrome 

  Mutations responsible for Thoracic Aortic Aneurysms are classified 
according to the function of the gene affected 
  ECM  extracellular matrix,  TGFβ path  components of the TGFB path-
way,  Contractile  contractile apparatus of the smooth muscle cell,  FTAAD  
familial Thoracic Aortic Dissection,  LDS  Loeys Dietz syndrome,  MFS  
Marfan syndrome,  AOS  aneurysm osteoarthritis syndrome  
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aneurysms are not frequent in this pathology which is 
more responsible for aortic dissection than dilatation.    

      2.    Mutations within genes coding for a protein involved in the 
TGFB pathway ( TGFB2, TGFBR1, TGFBR2, SMAD3 ), are 
associated with TAA but also aneurysms of other arteries, 
and possibly extra-aortic features (Aneurysm Osteoarthiritis 
Syndrome associated with  SMAD3  mutation, LDS associ-
ated with mutation in  TGFBR1  or  TGFBR2 , Marfan syn-
drome type II owing to  TGFBR2  mutation) (Fig.  3.3 ).

     (a)    Loeys-Dietz syndrome is a severe syndrome due to 
mutations in  TGFBR1  and  TGFBR2  genes and has a 
 characteristic triad of craniofacial features (craniosyn-
ostosis, bifi d uvula, hypertelorism), aortic root and 
branch vessel aneurysm and dissection, and arterial 
tortuosity [ 9 ,  10 ]. Mutations in  TGFBR2  can also be 
responsible for familial forms of TAA with dominant 
autosomic inheritance pattern, and incomplete pene-
trance [ 11 ]. They can also be responsible for skeletal 
features similar to that observed in MFS syndrome 
related to  FBN1  mutation [ 12 ].   

Mechanical strain/Proteolysis

Fibrillin-1 microfibrilsLTBP-1

TAAD

TAAD: familial Throracic Aortic Aneurysm and Dissection

MFS2
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Transcription
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regulatory
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  Figure 3.2    More frequent genetic etiologies for  TAAD  (Thoracic 
Aortic Aneurysm Dissection); see text for abbreviations       
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   (b)    Aneurysm Osteoarthritis Syndrome associates early- 
onset Osteoarthritis, Charcot-Marie-Tooth like neuropa-
thy, autoimmune features, multiple arterial aneurysms and 
dissections [ 13 ] and secondary to  SMAD3  mutations.   

   (c)     TGFB2  mutations are responsible for familial TAA 
with some skeletal features of Marfan Syndrome [ 14 ]    

  Figure 3.3     Top : aortic root dilatation in a patient with TGFB2 
mutation: CT scanner. Maximal diameter at the level of the sinuses 
of Valsalva is 50 mm, and was considered as an indication for sur-
gery.  Bottom : aortic dilatation observed in a patient with a brother 
with BAV and TAA. Although the patient presented here did not 
show BAV, aortic dilatation of the tubular junction was shown on 
the CT scanner       
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      3.    Mutations within genes coding for components of the con-
tractility apparatus of the smooth muscle cell (ACTA2, 
MYH11, PRKG1, FLNA).

    (a)     ACTA2  gene mutations affect approximately 14 % of 
individuals with familial TAA disease in an serie from 
the USA but is much less frequent in our population. 
These mutations can be associated with livedo reticu-
laris, iris fl occuli, cerebral aneurysms, premature coro-
nary and cerebrovascular disease, moyamoya [ 15 ,  16 ].   

   (b)     MYH11  gene mutations are responsible for familial 
forms of TAA often with patent ductus arteriosus [ 17 ]. 
They are very rare.        

  Dilatation of the aorta is mostly located at the level of the 
sinuses of Valsalva, and usually is symmetrical (Fig.  3.3 ). In 
some aetiologies ( ACTA2 ,  MYH11 ), dilatation can also be 
observed in the tubular portion of the ascending aorta.  

    Bicuspid Aortic Valve 

 Some TAA have been associated with a bicuspid aortic valve 
(BAV), consequently the frequency of TAA is greater in 
patients with BAV than in the general population. The rea-
sons for this association are unclear, and 3 main hypothesis 
can be proposed [ 18 ]:

•    Aortic root dilatation may be constitutive, i.e. not reflecting 
a progressive increase in diameter with time. This may be 
close to the abnormal aortic cusps i.e. at the level of the 
sinuses of Valsalva, but not above the sino-tubular junction.  

•   Aortic dilatation may be secondary to a primitive altera-
tion in the aortic wall. In fact, the histological aspect of the 
aortic wall of TAA-operated patients with BAV is similar 
to that seen in patients with Marfan syndrome or other 
genetic forms of TAA.  

•   Aortic dilatation results from alteration in the aortic flow 
pattern within the ascending aorta. The jet lesion histori-
cally proposed in patients with aortic stenosis has evolved 
into alterations in the normally laminar flow pattern of the 
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ascending aorta, which is turbulent within the ascending 
aorta owing to anatomical abnormalities.    

 Maximum aortic diameter of TAA associated with BAV 
can either be localized at the level of the sinuses of Valsalva 
or above the sino-tubular junction. A relationship is observed 
between the type of the BAV and the anatomy of the aortic 
root: the antero-posterior diameter is increased when the 
BAV is related to a raphe between the two coronary artery 
cusps, type I R-L [ 19 ], and the aortic root progression rate is 
slow at the level of the sinuses of Valsalva [ 20 ]. In contrast, 
the dilatation of the aorta observed at the level of the tubular 
aorta is independent of the type of BAV and the dilatation 
rate is greater, which suggests that it may reflect alterations 
in the aortic wall and require specific care [ 20 ]. Indeed, when 
the dilatation rate of a population with BAV is studied, two 
groups are observed: patients who do not dilate over time, 
and those who do (Fig.  3.4 ).

Dilatation rate of the mid-ascending aorta
in BAV

Dilatation rate of the sinuses of valsalva
in Marfan

Patients without progression

Patients without progression

43 %

20 %

N

N
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60

15

5

–0.6 – 0 0.6 1.2 1.8 2.4 3

0 0.6 1.2 1.8 2.4 3

3.6 4.2
Yearly rate

Yearly rate

4.8

  Figure 3.4    Aortic dilatation rate in patients with BAV and Marfan 
Syndrome [ 20 ]       
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   BAV can be associated with TAA and coarctation of the 
aorta. Familial forms exist, but with variability (one family 
member present aortic dilatation whereas a second may pres-
ent BAV and a third aortic dilatation and another BAV with-
out aortic dilatation). This requires familial screening to be 
systematic when a BAV is observed [ 21 ]. However, no genetic 
defect has been clearly associated with BAV besides NOTCH1 
mutation very seldom. 

 Given the diverse anatomy [ 19 ], embryology [ 22 ], incon-
stant association with aortic dilatation [ 20 ], and the presence 
of both familial and sporadic forms, various mechanisms may 
be responsible for aortic dilatation.  

    Turner 

 Women with Turner syndrome in whom aortic dilatation can 
also be associated with BAV and coarctation of the aorta form 
a specific subgroup. In these small-statured women normaliza-
tion of aortic diameter is essential since the absolute diameter 
may under-evaluate the aortic dilatation [ 23 ]. Aortic dilata-
tion in patients with Turner syndrome has been reported to 
occur in up to 40 % of cases. In this population, special care 
should be taken in cases of pregnancy, which is generally con-
sidered to be contraindicated in women with aortic dilatation, 
BAV and/or coarctation [ 24 ]. Complete imaging of the aorta 
(MRI or CT scanner) are necessary in these women. Patients 
with an index >2 cm/m 2  in the ascending aorta should be fol-
lowed yearly as the risk for aortic dissection increases.  

    Others 

 Other aneurysms are neither related to any known mutation nor 
associated with BAV, and can be observed as sporadic or familial 
diseases. When familial, they are usually transmitted with a auto-
somal dominant pattern, and intensive research is ongoing to 
identify new genes involved. When sporadic, which is by far the 
more frequent form, the predisposing factors are usually haemo-
dynamic (hypertension), and patient age is usually around 70. 
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 Some specific aetiologies are seldom responsible for 
TAA, and are usually found in specific context: these are 
inflammatory diseases (see Chap.   2    ) (Giant cell arteritis, 
Takayasu disease, Kawasaki disease, Behcet Syndrome, aor-
titis associated with HLAB27…), or infectious diseases 
(Syphilis, Aspergillus, bacterial aortitis…). Obviously, when 
an active process responsible for aortic dilatation (such as 
infection) is ongoing, its treatment is warranted; however, 
aortic dilatation is sometimes observed years after the 
inflammatory phase of the disease, at a time when all ther-
apy has long been stopped. 

    Descending Aorta Aneurysms 

 In contrast to aneurysms of the ascending aorta, aneurysms of 
the descending aorta are similar to aneurysms of the abdomi-
nal aorta from an epidemiological and pathophysiological 
point of view. Familial aggregation is present but genetic 
transmission is unproven and association with risk factors for 
atherosclerosis is the rule. In these cases, aortic dilatation is 
usually diffuse and not limited to a specific section. Calcification 
of the aortic wall is often observed. In these patients, it is obvi-
ously important to limit the risk factors. 

 A specific situation is the dilatation that can be observed 
at the initial part of the descending aorta, just below left sub-
clavian artery level, often observed in patients with BAV and/
or aortic coarctation. This dilatation appears to be present 
very early in life and its significance is unclear, although of 
the descending aorta dissections have been reported in 
patients with BAV [ 25 ].    

    Pathophysiology 

    TAA of the Ascending Aorta 

 Ascending aorta pathologies are chronic aneurismal diseases, 
corresponding to a progressive dilatation of the aorta, leading 
finally to rupture, and/or acute dissection corresponding to 
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an intra-parietal rupture. These two pathologies are related 
to a progressive (aneurysms) or acute (dissections) degrada-
tion of the insoluble extracellular matrix proteins of the arte-
rial wall, mainly elastin and collagens, which give the solidity 
to the arterial wall. This degradation is the fact of specific 
medial areas of mucoid degeneration (also formerly mis-
named cystic medial necrosis), characterised by the local 
enrichment of alcianophilic glycosaminoglycans, vacuoles 
corresponding to the disappearance of smooth muscle cells, 
and local degradation of extracellular proteins, including 
 disorganised adhesive proteins such as fibronectin and fibril-
lin and the rupture of insoluble elastin and collagen. The 
pathology of aneurysm and/or dissection does not differ in 
genetic or non-genetic aetiologies. They only clinically appear 
in younger patients as degenerative forms. 

    Role of Proteases 

 Fibrillin is not directly a component of the insoluble extracel-
lular matrix of the arterial wall. Elastin and collagens are the 
main insoluble and hydrophobic components of the wall, giv-
ing it a strong support for resisting blood pressure (elemen-
tary contention function). Elastin is involved in wall elasticity, 
and is the main structural component of resistance to dilata-
tion. Collagen is the main structural component of resistance 
to rupture. Both pathologies are linked to the proteolytic 
degradation of elastin (aneurysm) and collagen (dissection 
and rupture). Therefore, there is a tremendous interest in 
defining the panel of proteases involved in extracellular 
matrix degradation in Marfan syndrome and related diseases. 
The abundance and activity of Matrix metalloproteinases 
(MMPs) have been shown to be related to TAA formation in 
numerous studies [ 26 ]. Matrix metalloproteinase-2 is pro-
duced in mesenchymal cells; MMP-9 is produced in macro-
phages. We have identified the MMP-7 (matrilysin) and 
MMP-3 (stromelysin) as MMPs preferentially localised within 
the areas of mucoid degeneration [ 27 ], which probably results 
from their particular affinity for sulfated glycosaminoglycans. 
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 In contrast, the data concerning serine protease activities 
present in aneurysm are scarce. We reported the presence of 
thrombin within the areas of mucoid degeneration, due, once 
again, to its affinity for glysosaminoglycans [ 28 ]. Interestingly 
enough, we recently explored the role of the plasminergic 
system in aneurysms of the ascending aorta, including Marfan 
[ 29 ]. Beside the activation of plasminogen after its binding to 
fibrin (fibrinolytic system), plasminogen could be activated 
by the plasminogen activators (PAs) expressed by 
 mesenchymal cells. Activated plasmin released by the inter-
action between plasminogen and cell-derived PAs, catalysed 
by membrane proteins, lead to fibronectin degradation, cell 
detachment [ 30 ] and apoptosis [ 31 ]. On the other hand, plas-
min is able to activate MMPs, to degrade adhesive fibronectin 
and fibrillin, etc. and therefore to provoke the release and 
activation of TGF-beta of its matrix storage sites. We reported 
that plasminogen is transferred better from plasma to an 
aneurismal wall than to a normal aortic wall, that t-PA and 
u-PA are more expressed in an aneurismal wall than in a 
normal one, and therefore that generation of plasmin is 
enhanced in aneurismal walls as compared to normal walls, 
leading to an increase in TGF-beta bioavailability [ 29 ] in 
aneurysm of the ascending aorta. Since plasmin generation 
could participate to cell disappearance, MMP activation, and 
TGF-beta release, the fibrinolytic system is probably an 
important target for preventing dilatation [ 32 ]. In parallel, 
plasmin is also involved in dissecting pathology. In particular 
circulating plasmin-antiplasmin complex and fibrin degrada-
tion product have been proposed as markers of acute dissec-
tion, but this is probably due to the fibrinolysis of the clot in 
the false channel [ 33 ]. Nevertheless the participation of tissue 
plasmin is not excluded.  

    Role of TGF-Beta 

 In a mouse model KI for a FBN1 mutation [ 34 ], aortic dilata-
tion occurs in heterozygous mice, and increased P-Smad 2 
(the intracellular effecter for TGFB2) was observed in the 
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aortic wall of pathologic mice compared to normal mice [ 34 ]. 
TGF-β neutralising antibodies were able to decrease the level 
of P-Smad 2 within the aortic wall. Besides, blocking the 
TGF-β pathway by the use of specific antibodies prevented 
abnormal aortic dilatation in this model. The idea has there-
fore emerged that the increased TGF-β pathway was respon-
sible for the main anomalies associated with Marfan 
syndrome, rather than an abnormal structural protein directly 
leading to weakening of the extracellular matrix and tissues. 

 However, TGF-beta 1 activates both Smad and non-Smad 
pathways, and we were not able to find any activation of these 
non-Smad pathways in the aortic wall of patients with Marfan 
syndrome, nor were we able to find increased mRNA levels 
for TGF-beta 1 within the aortic wall [ 35 ]. This was true for 
the aortic walls of patients with Marfan syndrome as well as 
for aortic walls from patients with aortic aneurysms from 
other aetiologies (bicuspid aortic valve, non syndromic TAA). 

 In contrast, we were able to demonstrate an increase in 
P-Smad 2 in smooth muscle cells from the aortic wall of 
patients with Marfan syndrome but also patients with tho-
racic aortic aneurysms from other aetiologies [ 35 ]. Actually, 
we and others have also reported increased P-Smad-2 in the 
aortic wall of patients with TAA secondary to mutation in the 
TGF-β receptor, despite the fact that the mutation in the 
TGF-β receptor alters (blocks) the transmission of the signal 
[ 9 ,  36 ]; this suggests that increased Psmad-2 within the aortic 
wall is not secondary to increased TGF-β activation in human 
aorta. Beside, no clear association in localisation could be 
found between the Smad 2 nuclear levels and the TGF-β 
extracellular staining in the aortic wall of patients with aneu-
rysmal aorta, also suggesting the absence of a direct link 
between the two observations [ 35 ]. 

 All this data questions the simple cause and effect relation-
ship that has been proposed between TGF-β activation and 
aortic root dilatation in Marfan syndrome, but widens the poten-
tial importance of the TGF-β pathway alteration in the aortic 
aneurysm disease: it suggests that actually, increased Smad-2 
within the aortic wall is related to a “common pathway” 
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observed in all forms of TAA, which could either be responsible 
for (as suggested by the beneficial effect of neutralising antibod-
ies) or responsive to (as would have been anticipated by the 
known pro-fibrotic and anti-proteolytic effects of TGF-β) the 
dilatation of the aorta. This last hypothesis is also compatible 
with the correlation observed between increased Smad-2 level 
and the degree of elastic fibre fragmentation that we observed 
in aortic aneurismal wall of diverse aetiologies [ 35 ]. 

 Dissociation between TGF-β activation and increase in 
Smad-2 signalling was further supported by recent experi-
ments from our group. We were able to demonstrate that (1) 
increased P-Smad-2 was specific to smooth muscle cell 
(SMC) i.e. not present in fibroblasts obtained from the aortic 
wall despite the fact that all cells should be submitted to the 
same TGF-β stimulation coming from the extracellular matrix 
within the same aortic wall, (2) increased P-Smad-2 was asso-
ciated with increased Smad-2 RNA level within SMC (which 
was not present in the fibroblasts coming from the same aor-
tic wall) (3) this deregulation of the Smad 2 pathway within 
the SMC was heritable, i.e. increased P-Smad 2 concentration 
was maintained during SMC culture, despite the absence of 
TGF-β within the culture milieu [ 37 ], indicating an epigenetic 
control of increased Smad-2 within the SMC. Actually this 
epigenetic control was further suggested by chromatin 
immuno-precipitation, showing alterations of the histones 
linked to the promoter of the Smad-2 gene within the SMC 
[ 37 ]. These observations were made in cells derived from 
aneurismal aortic wall from various aetiologies (i.e. patients 
with Marfan syndrome but also patients with aortic aneu-
rysms from other aetiologies) compared to SMC derived 
from normal human aorta. 

 As a conclusion regarding these observations, we can say 
that increased P-Smad-2 within the SMC of aortic aneurismal 
wall is observed whatever the aetiology of the aneurysm, and 
that its relation to TGF-β activation is not clearly established. 
Actually, this may be a compensatory mechanism induced 
within the smooth muscle cell of aneurismal wall indepen-
dent from the aetiology of the aneurysm. 
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 This discussion is of importance the interpretation of the 
beneficial effect of losartan if proven, because this mecha-
nism should determine which is the population that could 
benefit from this therapy: only Marfan patients or all patients 
with TAA (see below for discussion)    

    Imaging Follow-up and Risk of Complications 

 A patient with a TAA should be followed-up by a cardiolo-
gist, and have regular imaging of the aorta. It is usually rec-
ommended that TTE should be repeated after 6 months to 
ensure the absence of rapid evolution of the aortic dilatation 
when a TAA is recognized for the first time in a patient [ 21 , 
 38 ]. Thereafter a yearly imaging is considered sufficient, 
unless the aortic diameter is coming close to the surgical 
threshold. Then echocardiography every 6 months may be 
wise [ 38 ]. Diameter expansion, severity of aortic regurgita-
tion, and left ventricular function may be correctly evaluated 
when the echocardiographic window is adequate. 

 Echocardiography does not allow visualization of the 
entire aorta. Therefore, the use of MRI or CT scanner to 
obtain complete imaging of the aorta is recommended when 
the TAA is first recognized for two reasons: first validation of 
the aortic diameter measure obtained with echocardiography, 
which will be used during follow-up; second being able to 
confirm future increase in aortic diameter evidenced with 
echocardiography. This is recommended because of the vari-
ability of the aortic measure and the limited increase in aortic 
diameter felt to be significant [ 38 ]. 

 Aneurysms of arteries others than the aorta can be 
observed in some genetic TAA such as those secondary to 
mutations in genes coding for proteins of the TGF-B pathway 
( TGFB2 ,  TGFBR1 ,  TGFBR2 ,  SMAD3 ). Visualization of all 
the arteries is then necessary during the initial evaluation of 
the patient, including cerebral arteries, either using CT scan-
ner, or MRI. How often these imaging should be repeated 
remains speculative, no general rules can be proposed at the 
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present time. These patients should be taken care off by car-
diologist interested in these diseases, and the decision made 
on a case by case basis.  

    Surgery 

 Aortic size is the principal predictor of aortic rupture or dis-
section. The risk of rupture or dissection of thoracic aortic 
aneurysms increases significantly when the aorta size is 
greater than 60 mm [ 39 ]. The growth rate of an aneurysm 
depends on its aetiology: a rate of 0.5 mm/year is reported for 
TAA of the ascending aorta of genetic origin (mutation 
 FBN1 ), a similar rate in patients with TAA and BAV and a 
much lower rate in patients with isolated TAA occurring with 
tricuspid aortic valve and no familial history [ 20 ]. This is 
reflected by the age at which these different groups are pro-
posed for surgery (Fig.  3.1 ) and is rendering accurate mea-
surements of change [ 40 ] and clinical trials challenging. The 
dissection and rupture rates of TAAs are also dependent on 
aneurysm site (ascending or descending aorta). In the ascend-
ing aorta, a steep increase in complication rates is observed 
once the aneurysm exceeds 60 mm in diameter as shown by 
the retrospective study from Yale [ 39 ]. Above that diameter, 
the rate of aortic dissection and rupture increases to 30 % a 
year. In descending aortic aneurysms (including aneurysms on 
chronic aortic dissection), this occurs when the diameter 
reaches 70 mm. The 5-year survival rate from untreated TAAs 
has been reported to be between 19 [ 41 ] and 64 % [ 42 ,  43 ]. 

 Surgery is usually indicated for an aortic diameter ≥50 mm 
in Marfan syndrome, decreasing to 45 mm in the presence of 
risk factors such as rapid increase in aortic diameter (>3 mm), 
family history of dissection and hypertension [ 38 ]. For the 
other genetic TAA, case-by-case evaluation is necessary, 
since the natural history of these newly recognized diseases is 
not well established and reports contradictory, probably 
because of different population recruitments in different 
studies [ 9 ,  12 ]. 
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 In the case of BAV, surgery is proposed for a diameter of 
≥55 mm, unless risk factors such as hypertension, history of 
dissection, aortic coarctation are present, lowering the thresh-
old to 50 mm [ 38 ]. Finally, when no BAV or family history is 
present, surgery is proposed for an aortic diameter ≥55 mm. 

 Recommendations which can be made are less clear for 
the descending aorta: the indication is largely dependent on 
the risk associated with the surgery itself, which is varying 
with the location of the aneurysm (only thoracic vs. thoraco- 
abdominal), the choice to replace only the thoracic descend-
ing aorta or the thoraco-abdominal aorta (which is associated 
with greater mortality and more difficult postoperative 
course), the other risk factors of the patients (including pul-
monary and renal diseases), the presence of a degenerative 
underlying genetic aortic disease and its type, the extend of 
the dissected aorta. Indication for intervening may also be 
influenced by the possibility of endovascular stenting which 
is associated with lower per procedure complications but is 
not accepted in patients with a genetic aortic disease.  

    Lifestyle 

 Because the aortic dilatation is reflecting weakness of the aor-
tic wall and beneficial therapy is limiting the stress applied to 
the aortic wall, one would logically propose to limit aortic 
stress induced by exercise in this population: during strenuous 
exercise, a rise in aortic pressure is observed which can be very 
important in isometric sports (>300 mmHg [ 44 ]). There is actu-
ally no trial showing the beneficial effect of sport limitation in 
this population, but few case reports of aortic dissection occur-
ring during exercise in young patients. The classification of 
sports usually used is that of Mitchell    (Fig.  3.5 ), reporting the 
Bethesda conference in 2005 [ 45 ]. No rules have been estab-
lished beyond that proposed for patients with Marfan  syndrome 
[ 46 ,  47 ], but one can extrapolate to patients with other genetic 
defects, and probably with patients presenting TAA of other 
etiologies. There, the restriction is probably to be balanced by 
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the evolution profile of the patient (i.e. the precise pathology 
he presents, association or not with BAV, location of the dilata-
tion, history of the patient and of his family).

   Besides, the tachycardia also increases the stress applied to 
the aortic wall, and this should be limited by the β-blocker 
therapy.  

    Pharmacotherapy for TAA 
of the Ascending Aorta  

    Therapy Aimed at Limiting the Haemodynamic 
Stress Imposed on the Aortic Wall 

 The goals of medical therapy have traditionally been to reduce 
shear stress on the aneurysmal segment of the aorta by reduc-
ing blood pressure and contractility (dP/dt). The understand-
ing that aortic dilatation is favored by intraluminal pressure 
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within the aorta, the repetitive distension with the systolic 
ejection, has led to the proposal of therapies aimed at limiting 
these factors in patients with thoracic aortic aneurysms. 
Indeed, the proof of concept have been obtained in a popula-
tion “pure” for the presence of TAA, i.e.  population of patient 
with TAA of genetic origin, Marfan patients. These studies are 
reported in the chapter on Marfan syndrome. In short β-blocker 
therapy slows aortic root dilatation in an unblinded random-
ized study including 70 patients older than 12 years [ 48 ], and 
retrospective studies indicate similar benefit in children [ 49 ]. 
Losartan has been shown in a randomized study to reduce the 
aortic root dilatation rate in adults [ 50 ].  

    Therapy Aimed at Acting on the Biological 
Mechanisms of Aortic Dilatation 

    TAA of Genetic Origin 

 We discussed the observation of increased P-Smad2 in the 
aortic wall made in the mouse model KI for a  FBN1  mutation, 
and the beneficial effect of TGF-β antibodies, suggesting that 
the activation of the TGF-beta pathway was actually respon-
sible for the dilatation of the aorta in Marfan Syndrome [ 34 ]. 
In the same study, mice were given high dose of losartan dur-
ing growth, which resulted in limitation (even complete pre-
vention) of aortic dilatation in the animals. Simultaneously, 
P-Smad2 was decreased in the aortic wall of the mouse, which 
was interpreted as the demonstration that losartan limited 
aortic dilatation through blockade of the TGF-β pathway, 
which was responsible for the beneficial effect of the drug. 
Blocking the biological mechanism responsible for aortic dila-
tation would be ideal. However it is debated whether activa-
tion of the TGF-β pathway (as indicated by the increased 
P-Smad2) is causative for aortic dilatation or only secondary 
to aortic dilatation, because P-Smad2 was found to be 
increased within the aortic wall of patients with aortic aneu-
rysm regardless the aetiology of the aneurysm (including 
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TAA associated with BAV or sporadic forms), not only in the 
aortic wall of patients with TAA secondary to mutation in the 
 FBN1  gene [ 35 ]. This suggests that the increased P-Smad2 is 
an adaptative phenomenon observed during the  development 
of aortic dilatation and therefore just a marker of the altera-
tion of the aortic wall. This marker is increasing with increas-
ing dilatation and decreasing in the absence of dilatation as 
expected for a marker. This view is also in line with the recent 
results in the mouse model KI for a mutation in the  TGFBR2  
gene, in which TGFB antibodies were not able to limit or pre-
vent aortic dilatation, in contrast to what was reported in the 
 FBN1  KI mouse model [ 51 ]. Despite this opposite finding, 
losartan was efficacious in the TGFBR2 model for limiting or 
preventing aortic dilatation in the animals, as it was in the 
FBN1 mouse model. 

 Losartan is usually known and used for its vasodilatory 
effect secondary to the blockade of the renin-angiotensin- 
aldosteron axis, and indicated as such for hypertension and 
heart failure. The beneficial effect of this drug in the mouse 
with a  FBN1  gene mutation (which has been reproduced by 
different teams) could then be the result of its haemodynamic 
effect, limiting the rebound wave and therefore limiting the 
systolic aortic pressure within the aortic root. 

 The importance of central systolic arterial pressure has 
been highlighted in multiple studies. In studies on hyperten-
sion (LIFE study [ 52 – 54 ]), the comparison of β-blocker with 
losartan demonstrated better outcome in patients receiving 
losartan compared to patients receiving atenolol, whereas the 
mean decrease in blood pressure was similar. A proposed 
explanation was that the decrease in systolic blood pressure 
in the central aorta differed between the two groups, being 
lower in those receiving losartan owing to the limitation of 
the rebound wave, a consequence of the vasodilatation 
induced by the drug. Central systolic blood pressure is actu-
ally the afterload imposed on the left ventricle, and its 
decrease was associated with a greater reduction in left ven-
tricular mass in patients receiving losartan. Similarly, we 
showed the systolic blood pressure in the ascending aorta to 
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be a major determinant of aortic dilatation in patients with 
aortic aneurysm related to Marfan syndrome [ 55 ]. It is there-
fore highly likely that the beneficial effect observed in the 
mouse model is related to lower central pressure in the 
animal. 

 Whatever the mechanism responsible for the beneficial 
effect of losartan observed in the mouse model was, this 
observation has led to the launching of multiple clinical tri-
als, which are reported in the Marfan chapter of this book. 
Some compare losartan with placebo, others losartan with 
beta-blockade, others irbesartan with a β-blocker or a com-
bination of the two drugs. Most are ongoing, or just closed, 
and the first reported results seem to indicate a beneficial 
effect [ 50 ]. 

 What is the similarity of the Marfan and the non Marfan 
population? In the present chapter focused on TAA not 
related to Marfan syndrome, the key issue is the applicability 
of the potentially positive results of the Sartan trials con-
ducted only in patients with Marfan Syndrome in the non 
Marfan population. The answer to this central question is 
secondary to the understanding of two mechanisms: (1) the 
fact that the aortic dilatation observed when a genetic abnor-
mality is present reflects imperfection of the repair process of 
the aortic wall after physiological aggression during life (2) 
the mechanism of action of losartan. 

 One can consider that the extra-cellular matrix, the TGFB 
pathway and the smooth muscle cells contractile apparatus are 
all involved in the dilatation process. The dilatation is only the 
result of imperfect repair of the aortic wall after an aggression: 
aortic blood pressure and systolic distension of the aorta tend 
to dilate the aorta. Normally during life, aortic wall faces this 
aggression, and the extracellular matrix, the TGFB pathway 
and the smooth muscle cell contractile apparatus are all 
involved in the repair process of the aortic wall. The progres-
sive increase in the aortic diameter with aging in the general 
normal population illustrates the existence and the “normal-
ity” of this aggression and the existence of the secondary 
repair: aortic remodeling is a physiological phenomenon 
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 during life in the general population even in the absence of 
mutation in one of the genes cited earlier, and the aortic wall 
is a biological tissue including living cells and not only a passive 
container. The rapid (0.5 mm/year) dilatation of the aorta in 
the Marfan population or in patients with TAA from other 
etiologies (0.5 mm/year in patients with BAV, slower in spo-
radic forms in elderly patients [ 20 ]) can then be viewed as the 
consequence of the lesser complete repair of the aortic wall in 
patients carrying a mutation in a gene involved in the repara-
tion process. This is intuitively acceptable for mutations in 
genes coding for extracellular matrix proteins (such as FBN1) 
or genes involved in the fibrosis processes (such as genes 
involved in the TGF-beta pathway) and may be true for genes 
altering the ability of the smooth muscle cell to react to aggres-
sion (such as genes coding for the contractile apparatus of the 
smooth muscle cell) because of the alteration of the proper 
perception of extracellular milieu as a consequence of these 
mutations [ 56 ]: when one of the processes involved in the 
repair is deficient, then the imperfection of the repair increases 
meaning increased aortic dilatation rate, and the aortic aneu-
rysm can occur. In other words, whatever the etiology of the 
aneurysms, the pathophysiology is probably similar, so that a 
therapy effective within a group of patient will probably also 
be effective in another group of patients with TAA. Thus, losar-
tan should be beneficial in all patients with TAA, whatever the 
etiology even if its mechanism of action is supposed not to be 
mediated through its hemodynamic effects. 

 If one believes that the benefit of losartan is the result of 
a diminished stress applied to the aortic wall, i.e. the conse-
quence of its vasodilatory effect, then the applicability of the 
results obtained in the whole population carrying a TAA is 
even more logical. 

 The conclusion of this long reasoning is therefore that a 
therapy which is efficacious in a group of patients with TAA 
should be beneficial in all the patients with TAA. Of course, 
this conclusion cannot be established with certainty in the 
absence of randomized trial (evidence based medicine), but 
the probability that such a clinical trial be soon  available 
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remains low. Some trials are ongoing trying to evaluate the 
benefit of sartan in population different from Marfan: the 
BAV Study (Beta Blockers and Angiotensin Receptor 
Blockers in Bicuspid Aortic Valve Disease Aortopathy [BAV 
Study NCT01202721]) is recruiting patients with BAV in 
Canada and will compare the rate of ascending aortic growth 
by magnetic resonance imaging in patients randomized to 
ARB therapy (telmisartan) versus betablocker (atenolol) 
versus placebo in 416 patients. This study started in June 2011, 
and is supposed to finish by July 2016. Another study from 
University of Michigan is looking for intermediate markers 
(MMP plasma levels) and aortic dilatation in patients with 
BAV (NCT01390181). 

 It is also unknown if the benefit of ACEI would be similar 
to that of the Sartan, with conflicting results in animals and 
positive retrospective studies in humans with MFS.   

    Practical Considerations 

 In a patient with TAA, the practical issues are twofold: should 
the patient be treated, and if yes, which drug should be used? 

    Should the Patient Be Medically Treated? 

 The answer to this question is the result of a balance between 
risk and benefit. 

 The risk of the disease is its progression, since when it is 
feared that the risk is rupture, the treatment is surgery. The 
risk of progression is greater when aortic dilatation is 
observed in a young patient, or when the history of the 
patient reports progression over the last years. The etiology 
of the TAA is also an important factor, as the presence of a 
genetic factor, either identified or suspected because of the 
familial history, indicates that the underlying defect respon-
sible for the dilatation of the aorta is a permanent one. 
Therefore, the indication for medical therapy is wide. It is 
accompanied by the limitation of physically demanding 
 violent sports, and the exclusion of competitive sports, with 
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the aim of limiting the increase in the aortic pressure second-
ary to theses intensive activities.  

    Which Drug Should Be Used? 

 The risk of therapy is low, but the tolerance may not be perfect. 
The first line therapy is usually a β-blocker, because we have a 
randomized study in the Marfan population [ 48 ]. The β-blocker 
used in this study was propranolol, but the beta-blockers used 
nowadays in this indication are not limited to propranolol. There 
is a theoretical advantage in using a vasodilatory beta-blocker 
owing to limitation of the rebound wave, and therefore the 
decrease in the central systolic blood pressure; however, no clini-
cal study has been performed to date to demonstrate this hypoth-
esis. Since a decrease of heart rate is thought to be the main 
beneficial effect of β-blockers in this population, the use of mol-
ecules devoid of agonist effect is favoured. The legitimacy of 
giving β-blocker to patients with aortic fragility not related to 
mutation in  FBN1  is reinforced by the results of BESTT, which 
evaluated bucindolol in patients with vascular Ehlers Danlos; in 
this disease related to mutation in  Col3A1 , the aorta is more 
prone to dissection than dilatation, and the fragility of the vessels 
is also observed in medium sized arteries. Bucindolol was able to 
decrease the rate of clinical event in this disease [ 57 ]. 

 When the tolerance of the beta-blocker is not good, the 
attitude can be (1) to decrease the dosage because of exces-
sive bradycardia (2) try another beta-blocker with different 
pharmacological properties (3) change the beta-blocker for a 
drug with similar hemodynamic action, i.e. a calcium blocker, 
such as verapamil or isoptine. These drugs have been shown in 
retrospective studies performed in children to lower the rate 
of aortic dilatation [ 49 ], (4) propose losartan for theoretical 
consideration, the mouse model, and preliminary positive 
results in humans [ 50 ]. The dosage should be 100 mg/day, and 
the question remains whether we should stick to this molecule 
or whether all sartans are similar for this purpose. If one con-
siders that the main effect is an  hemodynamic effect, then an 
ACEI can also be proposed [ 58 ]. One may wonder how 
ivabradine would behave in this situation [ 59 ]. 
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 Whatever the drug proposed, it must be borne in mind that 
this is going to be a lifelong treatment, or at least a treatment 
to continue until surgery is performed if this occurs, in a 
patient without any complains or limitation due to the dis-
ease. It therefore has to be well tolerated, and the tolerance/
benefit risk should be evaluated individually.  

    Is Medical Therapy Useful After Surgery? 

 When the dilated part of the ascending aorta has been 
replaced, the question arises as whether there is any reason 
for pursuing medical therapy aiming at protecting the aorta. 
The response is dependent on the fact that the remaining 
aorta is or is not susceptible to dilatation, in other word 
dependant on the extent of the abnormality along the aorta. 
Usually, the presence of a mutation in a gene responsible for 
TAA indicates a risk for aortic dilatation or dissection 
beyond the ascending aorta, and therefore indicates that 
medical therapy should be prolonged after surgery. 

 When no genetic factors can be recognized, the answer is 
more difficult: the group of patients with TAA in relation 
with bicuspid aortic valve is heterogeneous, with aortic dilata-
tion which can occur only at the level of the sinuses of 
Valsalva, or only at the ascending aorta, but can also some-
times on the aortic arch, and on the initial part of the 
descending aorta [ 60 ]. Moreover, reports of patients with 
bicuspid aortic valve presenting dissection of the descending 
aorta also suggest that the fragility of the aortic wall can go 
beyond the ascending aorta [ 25 ]. Therefore, it is logical to 
continue therapy after surgery in this population if it is well 
tolerated and not limiting for the patient. 

 When an older patient is operated on because of ascend-
ing TAA, the presence of other risk factors usually renders 
the treatment of hypertension necessary, and therefore the 
treatment is pursued; however, when the aortic dilatation is 
limited to the part which has been replaced, and the patient 
present no risk factors requiring treatment, it may be logical 
to limit care to repeated and regular follow-up.   
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    Pharmacotherapy for TAA 
of the Descending Aorta  

    Treatment Aimed at Limiting the Atherosclerosis 
Process Responsible for Dilatation 
of the Descending Aorta  

 The descending part of the thoracic aorta is more prone to dis-
eases similar to that of the abdominal aorta, i.e. atherosclerosis. 
Atherosclerosis is a diffuse disease, and factors limiting the 
development of atherosclerosis should therefore be beneficial 
for patients with TAA of the descending aorta beyond their 
effect on the abdominal aorta. Besides, the aorta is prone to 
dilate, rupture, but may also be responsible for embolic events 
in the branches of the aorta (notably the renal arteries, and the 
arteries of the legs). Actually, data on the benefit of medical 
therapy in patients with abdominal aortic aneurysm is limited: 
β-blocker therapy have given contradictory results [ 61 – 63 ], 
similar to ACEI [ 64 ,  65 ]. Since the etiology is atherosclerosis, 
the therapy should include aspirin, and active treatment of risk 
factors; smoking is particularly harmful, hypertension should be 
perfectly controlled, and statins should be the rule. 

 In recent years stress has been put on the importance of 
dental hygiene because of the responsibility of periodontal 
infection in the colonization of the thrombus with germs 
which are favoring aortic dilatation, e.g. porphyromonas gin-
givalis [ 66 ], which could in part explain benefit reported with 
antibiotics in AAA.   

    Therapies to Be Tested for Tomorrow 

    MMP Inhibitors 

 Since matrix metalloproteinase (MMP), i.e. enzyme that 
degrades protein within the extra-cellular, and need Zinc as a 
cofactor) have to be involved in aortic remodeling, MMP 
inhibitors are expected to limit aortic dilatation. Aortic 
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 dilatation can only occur if proteolysis occurs in the aortic 
wall, allowing replacement by new molecules arranged differ-
ently so as to get a greater aortic diameter; MMP have to be 
implicated in this process. Actually increase in MMP plasma 
levels have been reported in aortic aneurismal patients. Study 
of aortic wall of patients operated on for TAA have reported 
increased RNA levels of MMP suggesting also their role in 
aortic dilatation [ 67 ]. Increased MMP activity have also been 
reported [ 68 ], and we reported direct visualization of MMP 3 
and 7 within the aortic wall of TAA [ 29 ]. 

 Doxycycline is a non-specific MMP inhibitor which has 
been used in humans as an antibiotic (macrolide). There is 
very limited indication that this drug may reduce aortic dila-
tation in humans, but there are more important data in the 
animals, including in the mouse model KI for  FBN1  mutation 
[ 69 – 71 ].  

    Statins 

 The use of statins in patients with TAA of the descending 
aorta, related to atherosclerosis, is established although direct 
proof of benefit is lacking. There are some indications that 
statins may lower the aortic dilatation rate in aneurysm 
related to genetic defects in the mouse model KI for the 
 FBN1  mutation [ 72 ]. 

 No prospective study in human has been performed to 
date, but two recent retrospective analyses from the Aortic 
Institute at Yale-New Haven Hospital suggest a possible 
therapeutic benefit of statin treatment in TAA population 
[ 43 ]; In a retrospective study of 1,561 patients with thoracic 
aneurysms, statin therapy usage was associated with protec-
tion against complications of thoracic aortic aneurysms, espe-
cially those in the descending aorta, which is consistent with 
the importance of atherosclerosis in this group of patients, as 
opposed to patients with TAA of the ascending aorta, par-
ticularly of the aortic root. In patients taking statin therapy, 
the time to surgery and complications, including aortic dissec-
tion, rupture or death, was significantly delayed (p < 0.001).  
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   Others 

 Fibrinolytic activity has been shown to be possible within the 
aortic wall [ 29 ], and could participate with the MMP in the 
aortic wall destruction/reconstruction process leading to aor-
tic dilatation. Interacting with this system could therefore be 
associated with limited dilatation in patients with TAA.    

    Conclusion 

 The pharmacotherapy available for the treatment of thoracic 
aortic aneurysm is very limited, and actually derived from the 
studies conducted in selected populations such as patients with 
Marfan syndrome. In short, β-blockers remain the reference 
therapy, possibly with losartan as a second-line option. 
Limitation of physically-demanding sports is aimed at avoiding 
the brisk increases in blood pressure and therefore the stress 
imposed on the aortic wall. 

 Studies in patients presenting TAA of non-genetic aetiol-
ogy are needed, and hopefully progress made in the under-
standing of their pathophysiology will transfer into efficacious 
medical alternatives to surgery which to date remains the 
therapy of choice.     
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  TAA    Thoracic aortic aneurysm   
  TGF-β    Transforming growth factor-β   
  VSMC    Vascular smooth muscle cells   

          Introduction 

 Marfan syndrome (MFS) is a hereditary connective tissue 
disorder caused by mutations in FBN1. The gene encoding 
fibrillin-1 protein (FBN1) is located in chromosome 15 (posi-
tion 15q21.1) and more than 1,000 different mutations have 
been described [ 1 ]. MFS has an autosomal dominant inheri-
tance with high penetrance and high intra- and inter–familial 
variability, with an estimated prevalence of 1 case per 3,000–
5,000 individuals. In approximately 75 % of cases, an individ-
ual inherits the disorder from an affected parent. The 
remaining 25 % result from a  de novo  mutation. Cardinal 
manifestations in MFS involve ocular, skeletal and cardiovas-
cular systems. Ocular manifestations include ectopia lentis, 
myopia, retinal detachment and glaucoma. Skeletal involve-
ment include scoliosis, bone overgrowth, joint laxity and chest 
deformities (pectus carinatum and excavatum). Cardiovascular 
manifestations include proximal ascending aorta dilatation, 
proximal main pulmonary artery dilatation and mitral valve 
prolapse. Aortic and/or mitral valve regurgitation related to 
structural primary abnormalities may be present. 

    Diagnosis 

 Despite the significant progress made in understanding the 
molecular and genetic basis of MFS, its diagnosis continues 
to depend primarily on clinical features that have been codi-
fied in the reviewed Ghent diagnostic nosology, described 
in 2010 [ 2 ], in which the coexistence of lens dislocation and 
aortic root aneurysm or dissection suffices to confirm the 
clinical diagnosis of MFS (Table  4.1 ). A family history of 
MFS and FBN1 mutation – known to be associated with 
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aortic  manifestations – also contributes to the diagnosis. 
The remaining cardinal manifestations of Marfan syndrome 
are incorporated to a systemic score (Table  4.2 ). When this 
score is ≥7, it also contributes to the diagnosis. Therefore, a 
comprehensive multidisciplinary approach involving cardiac, 
orthopaedic, ophthalmological, and genetic consultations and 
testing are warranted to confirm the diagnosis.

    Limitations of genetic testing include the following: (1) the 
mutation in the fibrillin-1 gene can cause conditions other 
than Marfan-like disorders; (2) none of the current methods 
used to find mutations in the fibrillin-1 gene identify all muta-
tions that cause MFS; and (3) family members with the same 
mutation causing MFS may present a wide range of clinical 
manifestations.  

     Table 4.1    Revised Ghent criteria for diagnosis of Marfan 
syndrome [ 2 ]   
 Absence of family 
history 

 Aortic root dilatation a  or aortic root 
dissection AND ectopia lentis 

 Aortic root dilatation a  or aortic root 
dissection AND FBN1 mutation 

 Aortic root dilatation a  or aortic root 
dissection AND systemic score ≥ 7 
points (see Table  4.2 ) 

 Ectopia lentis AND FBN1 mutation 
that has been identified in an individual 
with aortic involvement 

 Presence of family 
history of Marfan 
syndrome 

 Aortic root dilatation b  or aortic root 
dissection 

 Ectopia lentis 

 Systemic score ≥ 7 points 

   FBN1  fibrillin-1 
  a Aortic root Z-score ≥ 2. Z-score calculator can be found at   http://
www.marfan.org/dx/zscore     
     b Aortic root Z-score ≥ 2 above 20 years, ≥ 3 below 20 years  
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    Table 4.2    Systemic features in Marfan syndrome   

 System  Manifestation 
 Points for systemic 
score 

 Skeletal  Pectus carinatum  2 points 

 Pectus excavatum  Or chest 
asymmetry: 1 
point 

 Scoliosis or 
spondylolisthesis 

 1 point 

 Reduced upper to lower 
segment 

 When both are 
present without 
severe scoliosis. 1 
point  Increased arm- 

span to height ratio 
(dolicostenomelia) 

 Aracnodactilia  Wrist and thumb 
signs: both 
signs = 3 points; 
one sign = 1 point 

 Hindfoot deformity  2 points 

 Pes planus  1 point 

 Protrusio acetabulae  2 points 

 Reduced extension of the 
elbows (<170°) 

 1 point 

 Facial appearance: 
dolicocephaly, malar 
hypoplasia, enophtalmos, 
retrognathia, down- 
slanting palpebral fissures 

 In the presence of 
3 of the 5 = 1 point 

 Highly arched palate with 
dental crowding 

 Not considered 

(continued)
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Table 4.2 (continued)

 System  Manifestation 
 Points for systemic 
score 

 Ocular  Ectopia lentis  Major criteria 

 Myopia  > 3 diopters = 1 
point 

 Retinal detachment  Not considered 

 Glaucoma  Not considered 

 Cardiovascular  Aortic dilatation with 
or without aortic 
regurgitation 

 At the level of 
aortic root is a 
major criteria 
(see Table  4.1 ) 

 Aortic dissection  Ascending aorta 
dissection is a 
major criteria 
(see Table  4.1 ) 

 Mitral prolapse with 
or without mitral 
regurgitation 

 1 point 

 Pulmonary artery 
dilatation 

 Not considered 

 Mitral annulus 
calcification in individuals 
younger than 40 years 

 Not considered 

 Pulmonary  Spontaneous 
pneumothorax 

 2 points 

 Apical blebs  Not considered 

 Integumentary  Stretch marks  1 point 

 Recurrent or incisional 
herniae 

 Not considered 

 Dura  Lumbosacral dural ectasia  By CT or MR: 2 
points 

   CT  computed tomography,  MR  magnetic resonance  
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    Complications 

 The main complication in patients with MFS is progressive 
aortic root enlargement, initially occurring at the sinuses of 
Valsalva. Ascending aortic aneurysm can precipitate acute type 
A aortic dissection or aortic rupture, and these complications 
were the primary cause of death before the advent of successful 
preventive therapies. Aortic aneurysm may develop early in 
children with MFS and the incidence rises during childhood 
and adolescence [ 3 ,  4 ]. Although early diagnosis has increased 
the median life span from around 40 to approximately 70 years, 
patients with MFS continue to suffer important morbidity [ 5 ]. 
Up to 90 % of Marfan patients will have cardiovascular events 
during their lifetime, including surgical repair of aortic root, 
aortic dissection or mitral valve surgery [ 6 ]. 

 The current management of aortic involvement in MFS 
includes regular imaging follow-up to detect and quantify 
aortic dilation progression, and prophylactic aortic repair 
when aortic dilatation reaches a sufficient size sufficient to 
threaten dissection or cause aortic regurgitation. Prior to the 
era of open-heart surgery, the majority of patients with MFS 
died prematurely of aortic rupture, with an average life 
expectancy of 45 years [ 7 ]. The success of current medical and 
surgical treatment of aortic disease in MFS has substantially 
improved the average life expectancy, prolonging it up to 70 
years [ 5 ,  8 ]. Thus, the major target for improving survival in 
patients with MFS is to prevent or delay aortic dissection.  

    Imaging Predictors of Complications 

 Several indices are associated with increased risk of a life- 
threatening aortic event. First among these is the absolute 
size of the proximal aorta [ 9 ,  10 ]. Aortic size ≥5.0 cm is 
strongly predictive of a high risk of aortic dissection and rup-
ture [ 3 ], and surgical intervention at that stage is key. The 
“normal” diameter of the aorta is directly proportional to 
body size throughout normal growth and into adulthood. 
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Given their above average stature and therefore greater 
body surface area, growing individuals with MFS should have 
their aortic measurements indexed to body surface area [ 10 ]. 
This can be expressed as an aortic size ratio based on sex- and 
body size–related norms or expressed in relation to the nor-
mal aortic size distribution in the population as a  Z  score. 
When considered in these terms, patients with MFS with 
proximal aortic ratios ≥1.3 or  Z  scores ≥3 are at particular 
risk. However, Marfan syndrome has interesting nuances. For 
example, adiposity is often reduced in young patients; there-
fore, the body surface area calculated from standard formu-
lae will underestimate the expected diameters of the proximal 
aorta and result in a higher  Z  score. Moreover, adults tend to 
accumulate central adiposity in adulthood, which will increase 
the calculated body surface area and reduce the apparent 
degree of aortic dilatation. Adults who gain weight after skel-
etal maturity will appear to have an improved aortic  Z  score. 
In such instances, focus on the absolute diameter and its 
changes is appropriate. In addition, the existing “aortic 
growth curves” are divided into children and young adults; 
interestingly, the curves do not overlap accurately. This poses 
problems for the clinician managing patients passing from 
adolescence to adulthood. Additionally, a common question 
is whether tall adults should have larger aortic diameters, 
even beyond those considered to be normal. Svensson et al. 
[ 11 ,  12 ] proposed an index (area of aortic root/ height 
>10 cm 2 /m) to indicate surgery in patients with MFS. In addi-
tion to absolute aortic dimensions, the rate of change in size 
of the proximal aortic root over time is important. Even at 
relatively normal absolute aortic dimensions, a rapid increase 
in aortic size (>0.5 cm/year) portends an increased risk of dis-
section. However, to assume annual enlargement requires 
strict imaging quality control and re-measurement of aorta 
size at the same level and side by side. Additionally, a family 
history of early aortic complications is strongly predictive of 
decreased event-free survival [ 13 ]. Finally, diminished aortic 
compliance measured echocardiographically or by other 
means has been related to progressive aortic dilatation in 
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MFS patients [ 14 ,  15 ], although it is rarely measured on a 
routine clinical basis. Also of importance is the fact that 
patients with MFS can die from other cardiovascular compli-
cations, particularly severe mitral regurgitation (especially in 
children with a severe phenotype) and dysrhythmia [ 16 ].  

    Pathophysiology of Aortic Dilatation 

 The earliest recognition of the tissue abnormalities underlying 
aortic dilatation in MFS was medial layer degeneration, with 
fragmentation, disarray and loss of elastic lamina, and replace-
ment by basophilic-staining proteoglycan. Electron microscopy 
in humans and in a mouse model of MFS demonstrated extra-
cellular matrix disarray, with shrunken smooth muscle cell 
fibres, thickened basal membranes, abnormalities of collagen 
fibre structure and progressive fragmentation and loss of elastic 
lamellae [ 17 ]. The process is associated with signs of ongoing 
inflammation and matrix metalloproteinase activation [ 18 ,  19 ]. 

 Fibrillin-1 is a major protein component of the microfibrils 
in the extracellular matrix and, as a result of its alteration, 
fragmentation and disarray of elastic fibres occur. However, 
not all manifestations of MFS (e.g. bone overgrowth) can be 
attributed to these structural abnormalities. In recent years, 
basic research has led to the notion that fibrillin-1 microfi-
brils also exert significant regulatory effect on cytokin- 
transforming growth factor-β (TGF-β) [ 20 ]. 

 TGF-β molecules are cytokines synthesised and secreted 
by smooth muscle cells as inactive precursors in the form of a 
latent complex which is stored in the extracellular matrix [ 21 , 
 22 ]. The fibrillins and latent TGF-β–binding proteins consti-
tute a family of structurally-related proteins and participate in 
the sequestration of latent complexes of TGF-β and maintain 
them inactive. In the presence of deficient fibrillin-1, a lesser 
amount of TGF-β is inactivated and leads to an increase in 
TGF-β activity. Excessive TGF-β signalling – made evident by 
increased smad-2 phosphorylation – explains many of the 
manifestations found in Marfan syndrome: cystic lungs, mixo-
matous mitral valve leaflets and aortic dilatation [ 20 ,  23 ].  
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    Management 

 Although survival in these patients has improved dramati-
cally in recent decades, mainly due to improved surgical tech-
niques, most deaths in MFS patients are still due to aortic 
complications [ 5 ]. Routine aortic imaging by echo and/or 
MRI and CT is the recommended follow-up for these 
patients (Fig.  4.1 ), and elective aortic root surgery is consid-
ered when aortic root size is ≥50 mm [ 24 ]. However, medical 
treatment is needed to prevent aortic complications. As in 
other aortic conditions, strict blood pressure (BP) control is 
recommended. However, in MFS, medical treatment is con-
sidered to be prophylactic, even in the absence of high blood 

a

b

c

  Figure 4.1    Imaging techniques for the study of the aorta in Marfan 
syndrome. ( a ) Transthoracic echocardiography; ( b ) computed 
tomography; ( c ) magnetic resonance imaging       
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pressure, with the aim of reducing haemodynamic stress. The 
main aim of this chapter is to depict evidences, advantages 
and limitations of the current knowledge of the pharmaco-
logical treatment of this disease. To this end, several drugs 
will be discussed: β-blockers, angiotensin receptor blockers 
(ARB), angiotensin- converting enzyme inhibitors (ACEI) 
and calcium antagonists. More recent approaches such as 
statins, doxycycline, will also be reported.

        Pharmacological Treatment in Marfan 
Syndrome 

    Mechanisms of Pharmacological Treatment 

 Medical treatment aims to reduce aortic haemodynamic stress: 
β-blockers, ARB, ACEI, calcium channel blocker (CCB), and/
or to reduce TGF-β signalling: ARB. Recently, metalloprotein-
ase inhibitors (MMPI) or anti-inflammatory drugs have been 
proposed. 

    Biomechanical and Haemodynamic Effects 

 Blood pressure and biomechanical properties of the aorta 
such as elasticity and compliance are determinant factors in 
aortic diameter enlargement in MFS [ 14 ,  15 ]. Different stud-
ies demonstrated that aortic stiffness is significantly greater 
in MFS patients compared with healthy volunteers, thereby 
suggesting more severe wall disease in MFS [ 25 – 29 ]. 

 In clinical practice, arterial stiffness can be non-invasively 
estimated by three principal methods: (1) estimation of pulse 
wave velocity (PWV) by measurement of pulse transit time, 
(2) analysis of the arterial pressure wave contour (i.e. aug-
mentation index, %), and (3) direct stiffness estimation using 
measurements of diameter or arterial luminal cross-sectional 
area change during the cardiac cycle and distending pressure 
measured at the site of diameter changes (i.e. distensibil-
ity and compliance). Carotid-to-femoral (‘aortic’) PWV is 

G. Teixido-Tura et al.



167

 considered the gold standard [ 30 ] although PWV can also be 
measured at other levels. 

 β-blocker therapy reduces the exposure of weakened, 
histologically- abnormal aortic tissue to haemodynamic stress-
ors by both inotropic and chronotropic negative effects, and 
thereby slows aortic dilatation progression. The use of 
β-adrenergic blockade to reduce haemodynamic stress in the 
proximal aorta in Marfan syndrome was first suggested in 1971, 
on the basis of findings in malignant hypertension that a reduc-
tion in the rate of increase in aortic pressure over time (dP/dt) 
was more effective at lowering the risk of aortic dissection than 
could be explained by a reduction of blood pressure alone [ 31 ]. 
Subsequent small studies of β-blockade effects in animal mod-
els with aortic disease and in uncontrolled studies of MFS had 
varying results [ 32 ]. β-blockers have proved to have little effect 
on central aortic pulse pressure in hypertensive patients [ 33 ], 
which is one of the main determinants of ascending aortic dila-
tation [ 34 ]. In 1989, Yin et al. [ 35 ] gave intravenous propranolol 
to Marfan subjects with dilated aortas during diagnostic cardiac 
catheterisation and found that it increased the magnitude of 
aortic wave reflection, reduced arterial compliance and did not 
reduce the maximum acceleration of blood into the ascending 
aorta. Other authors reported that β-blockade increases periph-
eral vascular resistance, which in turn may increase central 
aortic pressure and wall stress [ 36 ]. More recent studies also 
assessed the effect of β-blockers on aortic biomechanical prop-
erties: Groenink et al. [ 37 ] studied aortic properties by MRI and 
found a positive response of aortic distensibility and pulse wave 
velocity to the acute (2 weeks) treatment with metoprolol or 
atenolol; Rios et al. [ 36 ] found a  heterogeneous response of 
aortic stiffness assessed by echocardiography to long-term 
treatment with atenolol. They defined a subgroup of patients in 
whom aortic distensibility improved after chronic β-blockade, 
with a more pronounced effect in Marfan patients with aortic 
root diameters below 40 mm. Furthermore, one study demon-
strated that treatment with atenolol may not have an effect on 
the biomechanical properties of the aorta in paediatric patients 
with Marfan syndrome [ 38 ]. 
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 Recently, Nebivolol, a beta-1 receptor blocker with nitric 
oxide potentiating vasodilatory effects, has been proposed as 
a more appropriate choice than atenolol. In patients with 
hypertension, it reduces central pulse pressure and augmen-
tation index more than atenolol, and it reduces central arte-
rial pressure and left-ventricular hypertrophy more than 
metoprolol [ 39 ,  40 ]. 

 Although one study assessed the role of aortic stiffness in 
predicting progressive aortic dilatation [ 14 ], the real clinical 
impact of the potential effect of β-blockade on aortic stiffness 
and aortic complications remains unclear. 

 Calcium-channel blockers reduce central aortic pressure 
in adult hypertensive patients [ 41 ], however similar effects 
have not been described in patients with MFS. 

 Angiotensin-converting enzyme inhibitors (ACEI) reduce 
angiotensin II (Ang-II) formation and are also known to 
reduce arterial stiffness in patients with different pathologi-
cal conditions. More importantly, this ability seems to be 
independent of their ability to reduce BP. ACEI reduce cen-
tral systolic pressure and conduit arterial stiffness, compared 
to β-blockers, in adults with hypertension [ 33 ]. 

 One interesting study by Williams et al. [ 42 ] compared the 
haemodynamic and vascular effects of perindopril with those 
of two different drugs: atenolol and verapamil. Fourteen 
patients diagnosed of MFS were randomised (double- 
blinded) to receive 4 weeks of atenolol (75 mg), perindopril 
(4 mg) or verapamil (240 mg) in a cross-over design. Patients 
underwent a 2-week wash-out period prior to starting the 
protocol and after each treatment being switched to a new 
drug. Throughout the study, aortic diameter was assessed by 
transthoracic echocardiography, and arterial stiffness was 
measured as augmentation index and PWV (carotid-to-radial 
and carotid-to-femoral). Within-drug comparisons demon-
strated that perindopril (−10.3 mmHg, P = 0.002), verapamil 
(−9.2 mmHg, P = 0.003) and atenolol (−7.1 mmHg, P = 0.01) 
reduced central systolic pressure and brachial pressure; cen-
tral changes were the least and peripheral changes the great-
est with atenolol; however between-drug comparisons were 

G. Teixido-Tura et al.



169

not significant. A trend was observed for augmentation to be 
reduced by perindopril (−6.3 %, P = 0.05), verapamil (−5.5 %, 
P = 0.07) and atenolol (−3.2 %, P = 0.09). The study results 
prove there were no statistically-significant differences 
among the drugs regarding aortic stiffness parameters. Only 
atenolol reduced heart rate (by 16 %) and delayed expansion 
in the arch and abdominal aorta (by 8 % and 11 %) (P < 0.001, 
P < 0.01 and P < 0.05, respectively, for inter-drug compari-
sons). Unexpectedly, atenolol did reduce central arterial pres-
sure, although to a lesser degree than that observed with 
ACEI and CCB. This might be explained by a reduction in 
cardiac output (which fell by a mean of 17 %, P = 0.24) related 
to the reduction in heart rate (by a mean of 16 %, P = 0.006) 
rather than any change in stroke volume (12 %, P = 0.22). 
Alternatively, a negative inotropic effect would be expected 
to reduce the amplitude of aortic wave reflections during 
systole. This study suggested that a combination of a β-blocker 
with an ARB or an ACEI may be the most effective: while an 
ARB or ACEI may lower central pressures by reducing or 
delaying peripheral reflections, a β-blocker may reduce 
reflections by an effect on the left ventricle. This combination 
strategy is also being tested in some ongoing trials [ 43 ].  

    Molecular Effects 

 In order to reduce pathological molecular FBN1 mutation- 
derived mechanisms such as excessive TGF-β activation and 
signalling, different classes of drugs including ACEI and 
ARB have been investigated. 

 The creation of a mouse model of Marfan syndrome has 
significantly helped to further understanding of this disease. 
Overexpression of TGF-β explains many of the manifesta-
tions found in Marfan syndrome: cystic lungs, mixomatous 
mitral-valve leaflets and aortic dilatation have been associ-
ated with an increase in TGF-β signalling [ 20 ,  23 ]. Moreover, 
the administration of TGF-β antagonists (polyclonal TGF-β- 
neutralising antibody or losartan) in mice prevented the 
occurrence of Marfan features [ 44 ]. 
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 Inactive TGF-β is secreted by smooth muscle cells as a 
large latent complex. This latent complex is sequestered by 
the extracellular matrix and kept inactive. Deficient fibrillin-
 1 leads not only to histological abnormalities in the extracel-
lular matrix microfibrils and connective tissue weakness, but 
also to a decrease in TGF-β sequestration leading to exces-
sive TGF-β activation. 

 TGF-β can signal either through a canonical pathway 
involving the signal transduction proteins, Smads [ 45 ], or 
through several non-canonical, Smad-independent pathways 
(MAP-kinase pathway). In the Smad-related pathway, ele-
vated TGF-β levels induce Smad2 activation that regulates 
transcription and induce the production of MMP proteins, a 
family of zinc endopeptidases responsible for degradation of 
the extracellular matrix in aortic aneurysms. The action of 
this class of proteins on aortic wall weakness in Marfan syn-
drome exponentially improves the risk of aortic aneurysm 
and rupture. 

 Ang–II is a potent vasoconstrictor acting directly on vas-
cular smooth muscle cells and on the sympathetic nervous 
system; it also stimulates secretion of the hormone aldoste-
rone, causing volume expansion through sodium retention. 
At molecular level, Ang-II can promote cell migration, prolif-
eration and hypertrophy. Most of these effects are deter-
mined by Ang-II binding to its receptors: AT receptor 1 
(AT1R) and AT receptor 2 (AT2R). Although angiotensin II 
(AngII) mediates the progression of aortic aneurysm, the 
relative contribution of its type 1 (AT1R) and type 2 (AT2R) 
receptors remains unknown. Ang-II promotes cell prolifera-
tion and fibrosis and suppresses apoptosis when binding to its 
AT1R, whereas binding to its AT2R has opposite effects, 
including antiproliferative and anti-inflammatory effects that 
are beneficial in aortic wall homeostasis. The effects of AT1R 
stimulation are mediated, at least in part, by TGF-β. The 
selective AT1 receptor blocker (ARB) losartan blocks AT1R 
and interferes with processes that are detrimental to tissue in 
mice with MFS (and by extension, humans) while not affect-
ing signalling through AT2 that produces beneficial effects. 
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ACEI, on the other hand, reduce Ang-II levels and therefore 
signalling through both receptors. Although both drugs 
proved to attenuate canonical TGF-β signalling in the aorta, 
only losartan inhibited TGF-β-mediated activation of extra-
cellular signal–regulated kinase by allowing continued signal-
ling through AT2. 

 Angiotensin-converting enzyme inhibitors (ACEI) pre-
vent the conversion of angiotensin-I to Ang-II, thus limiting 
signalling through both AT receptors. On balance, however, it 
seems possible that the benefit of AT1-receptor antagonism 
achieved with ACE inhibitors could outweigh the potential 
negative influence of AT2-receptor blockade. Thus, although 
the rationale for the use of ACEI in Marfan syndrome 
includes their significant effect on TGF-β levels and activity, 
they proved to be less effective than the ARB losartan in a 
mouse model of MFS [ 46 ]. 

 Treatment of affected mice with losartan, prenatally and 
continuing until 10 months of age, resulted in the preserva-
tion of proximal aortic elastic fibre histology and overall 
aortic diameter comparable to that of wild-type mice [ 44 ]. In 
contrast, mice with the same mutation treated with proprano-
lol had elastic lamella disruption and dilated aortic roots 
comparable to those of affected mice treated with placebo 
[ 44 ]. When losartan therapy was initiated at 2 months of age, 
comparable to adolescence in humans, the histological abnor-
malities and dilatation were reversed. Although propranolol 
therapy was associated with a reduction in aortic growth rate, 
this effect was significantly less than that seen with losartan 
[ 44 ]. The results of this mouse model of MFS suggest that 
treatment with angiotensin receptor blockers potentially 
 targets both the underlying tissue disorder and reduces hae-
modynamic stressors. 

 Telmisartan has the strongest binding affinity to AT1R in 
comparison with other ARBs including losartan [ 47 ]. Concretely, 
the rank order of binding affinity to AT1R is telmisar-
tan > olmesartan > candesartan > valsartan ≥ losartan. If losartan 
achieves its effect on MFS through AT1R blockade mediated 
via downstream TGF-β signalling inhibition, telmisartan would 
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be expected to be the most effective ARB because of its stron-
gest binding affinity to AT1R. Future studies should determine, 
however, whether telmisartan is more effective than losartan in 
Marfan syndrome patients [ 48 ].  

    Matrix Metalloproteinase Inhibitors (MMPI) 
and Anti-inflammatory Drugs 

 Multiple factors such as haploinsufficiency, FBN1 proteolysis, 
abnormal TGF-β signalling, increased MMP expression and 
changes in cell matrix interaction contribute to the complex 
pathogenesis of this disorder. Collagens, laminins and elastin 
have multiple motifs that are able to interact with cell-surface 
receptors on macrophages and other inflammatory cells. 
Evidence is accumulating in support of the notion that 
inflammation may also play an important role in the develop-
ment of thoracic aortic aneurysm in MFS. 

   Statins 

 HMG-CoA reductase inhibitors (statins) are the most potent 
class of drugs used to inhibit cholesterol biosynthesis. In 
addition to being the mainstay of cholesterol-lowering ther-
apy, some studies reported more beneficial cardiovascular 
effects unrelated to lipid reduction, the so-called pleiotropic 
effects [ 49 ]. Interestingly, statins exert anti-inflammatory 
and atherosclerotic plaque stabilisation effects by down-
regulating matrix metalloproteinase (MMPs) expression 
[ 50 ]. Upregulation of MMP enzymes, particularly MMP-2 
and MMP-9, is involved in MFS aortic wall degeneration and 
aneurysm formation [ 51 ]. 

 Experimental research on a MFS animal model compared 
the effect of one of the statin family molecules, pravastatin, to 
losartan (angiotensin-2 antagonist). In that study, two Marfan 
genetically-modified mouse groups received, respectively, 
pravastatin 0.5 g/L and losartan 0.6 g/L for 6 weeks. Results 
from the different treated groups were compared with a third 
group of Marfan-modified untreated mice and a control 
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group without pathological mutations. Echocardiogram anal-
ysis showed a significantly beneficial effect of pravastatin in 
attenuating aortic root dilatation in a MFS model (p < 0.01) 
compared to a Marfan untreated group. This outcome was 
analogous in the losartan group (p < 0.01). Moreover, immu-
nohistochemical analysis of the mural architecture of the 
aortic wall demonstrated that pravastatin significantly 
reduced the degree of elastic fibres lost in the medial layer 
(p = 0.01). However, the losartan effect on elastin preserve 
was greater than that of statins (p < 0.01). In addition, haema-
toxylin and eosin staining showed the presence of foci of 
damage (island of damage) in the aortic wall of all MFS 
groups. Even if the number of foci was lower in treated ani-
mals, with no statistical difference between the medical 
groups, this finding may suggest that aortic injury was trig-
gered in all groups and then reduced by drugs. Statins have 
been shown to have a potential role in MFS therapy and, 
therefore, this class of drugs should be investigated as a com-
bination therapy in MFS patients.  

   Doxycycline 

 Doxycycline, a tetracycline-class antibiotic, is a non-specific 
inhibitor of MMPs [ 52 ] and suppresses aneurysm formation 
in animal models and human abdominal aortic aneurysm [ 53 , 
 54 ]. In Marfan syndrome, Chung et al. [ 55 ] demonstrated that 
long-term treatment with doxycycline, through the inhibition 
of MMP-2 and −9, was more effective than atenolol in pre-
venting TAA in a mouse model of Marfan syndrome by pre-
serving elastic fibre integrity, normalising vasomotor function 
and suppressing TGF-β upregulation.  

   Indomethacin 

 The complex pathogenesis of MFS involves changes in 
TGF-β signalling, increased MMP expression and fragmenta-
tion of the extracellular matrix. A number of studies demon-
strated raised macrophage and T-cell counts in the ascending 
aorta of human or mouse models of MFS; however, the 
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 efficacy of anti-inflammatory therapy in mouse MFS models 
has not been assessed to date. In a recent study, FBN1- 
underexpressing mgR/mgR Marfan mice were treated with 
oral indomethacin [ 56 ]. Treatment was begun at the age of 
three weeks and continued for 8 weeks, after which the aortas 
of wild type as well as treated and untreated mgR/mgR mice 
were compared. Indomethacin treatment led to a statistically- 
significant reduction in aortic elastin degeneration and mac-
rophage infiltration, as well as lessening of MMP-2, MMP-9 
and MMP-12 upregulation. Additionally, indomethacin 
reduced both cyclooxygenase-2 (COX-2) expression and 
activity in the aorta of mgR/mgR mice. COX-2-mediated 
inflammatory infiltrate contributed to aortic aneurysm pro-
gression in mgR/mgR mice, providing evidence that COX-2 
is a relevant therapeutic target in MFS associated aortic 
aneurysmal disease. Therefore, COX-2-mediated inflamma-
tory infiltration plays an important role in the pathogenesis 
of aortic aneurysm disease in MFS. In another paper, the 
same team demonstrated that the non-steroidal anti- 
inflammatory drug indomethacin significantly improved elas-
tin integrity and reduced the number of macrophages in the 
aortic adventitia of mgR/mgR mice, which coincided with 
decreased MMP-2, MMP-9 and MMP-12 expression. Based 
on these studies, the authors speculated that the macrophage 
infiltration observed in the aortic wall of mgR/mgR Marfan 
mice participates in a kind of vicious cycle, in which matrix 
fragments induce deleterious effects, including upregulation 
of MMP activity and macrophage infiltration, which in turn 
reinforces the pathological processes associated with matrix 
degradation and defects in TGF-β sequestration [ 57 – 59 ].    

    Medical Treatment Studies 

    Beta-Blockers 

 Beta-blockers are the standard medical treatment for the 
prevention of aortic dilatation in Marfan syndrome. Their 
positive benefit relies on their haemodynamic effects: reduction 
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in the force of left ventricular ejection by negative inotropic 
and chronotropic effects leading to decreased aortic wall 
stress. Several studies reported that β-blockers delay aortic 
root dilatation (Table  4.3 ). However, those studies had major 
limitations: the majority were retrospective [ 5 ,  60 – 63 ] ,  and 
others prospective but not randomised [ 64 ,  65 ]. The majority 
showed retardation of aortic root dilatation [ 62 ,  66 – 69 ], 
although two studies did not demonstrate this benefit [ 61 ,  70 ]. 
None of those studies convincingly demonstrated a benefit in 
overall morbidity and mortality. The strongest evidence 
comes from a prospective randomised open-label trial by 
Shores et al. [ 66 ] that included 70 patients with Marfan syn-
drome divided into a control group of 38 patients who 
received no treatment and a treatment group of 32 patients 
who received propranolol. Aortic follow-up was performed 
by echocardiography and aortic dilatation was evaluated with 
the slope of the regression line for aortic ratio evolution over 
time. In that study, propranolol slowed the rate of aortic dila-
tation compared to the control group. The authors defined 
 aortic ratio  as the ratio of the measured aortic diameter to the 
expected diameter and the slope of the regression line for the 
increase in aortic ratios over time. The slope for aortic ratio 
of the control group was 0.084 per year, whereas in the treat-
ment group was only 0.023 per year (p < 0.001). Five patients 
in the treatment group, two of whom did not follow the pro-
pranolol regimen, and nine patients in the control group 
reached a composite clinical end-point, which was defined as 
heart failure, aortic dissection, cardiovascular surgery or 
death. That study supported the use of β-blockers, concretely 
propranolol, in patients with Marfan syndrome based on two 
findings: first, aortic dilatation was faster in patients in the 
control group than in the treatment group and second, more 
patients in the control group reached the composite clinical 
end-point than in the treatment group. The construction of a 
composite end-point was necessary since no single clinical 
end-point reached statistical significance on its own merit. 
Although the results were certainly promising, the authors 
concede that the study was neither placebo-controlled nor 
blind, with each patient and investigator aware of the 
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patient’s group. Thus, although the results did show potential 
for β-blockers in Marfan patients, it is highly possible that the 
study’s results were subject to bias and a placebo effect. 
Furthermore, although heart failure, dissection and death are 
hard end-points, the decision for surgery is a softer call and 
might have influenced the results.

   Further, the study did not have a definitive means of 
ensuring patient compliance; patients in the treatment group 
may not have followed the correct propranolol dosage, and 
those in the control group may have taken other medications. 
The major limitation of the study, however, was the small 
sample size. By the end of the trial, the already minimal popu-
lation had decreased by 20 % owing to clinical end-points. 
Although the authors appropriately believed the presence of 
more end-points in the control group supported their conclu-
sions, a mere four-person difference between the control and 
treatment groups seems unconvincing, even more so when 
one takes into account that two of the deaths in the control 
group were unrelated to aortic complications. One year later, 
Silverman et al. [ 5 ] published a retrospective observational 
study in 417 Marfan patients treated at four different Marfan 
clinics. Although this study was thought to describe Marfan 
life expectancy compared to a historical cohort [ 7 ], the 
authors also reported that the 191 Marfan patients treated 
with β-blockers (atenolol, metroprolol, nadolol or proprano-
lol) had a median cumulative probability of survival 2 years 
longer than those who had never taken β-blockers, 72 vs 70 
years ( P  < 0.01). However, the authors themselves admitted 
that the design of the study precluded the assessment of the 
contribution of β-blockers to increased survival. Roman et al. 
[ 9 ] published a prospective observational study designed to 
assess the prognostic significance of the type of aortic dilata-
tion (localised to aortic root or generalised to aortic root and 
tubular ascending aorta) and found a similar number of aor-
tic complications between patients with or without medical 
treatment (mainly β-blockers but also with other blood pres-
sure lowering medications), 33 % vs 30 %. However, that 
study is difficult to analyse since it was not specifically 
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designed to address β-blocker treatment in patients with 
Marfan syndrome. A paper published by Salim et al. [ 62 ] ret-
rospectively studied 100 patients who received β-blockers 
(either propranolol or atenolol) at two specialised centres 
and compared them with a control group of 13 patients who 
refused treatment. The study found that patients in the treat-
ment group had an aortic root growth rate of 1.1 mm per 
year, whereas patients in the control group had an aortic root 
growth rate of 2.1 mm per year (P < 0.006). The limited num-
ber of patients in the control group compared with the treat-
ment group, however, renders it difficult to lend credence to 
the comparison. In 1996, Legget et al. [ 61 ] published another 
observational prospective study with the aim of defining a 
lower risk group for aortic complications depending on echo-
cardiographic follow-up. In that study, 30 patients receiving 
β-blockers for least 1 year were compared with 80 patients 
who had not received β-blockers (or for less than 1 year) and 
found no differences in aortic root growth or aortic complica-
tions (death, need for surgery or aortic dissection). 

 Of the five previously-mentioned studies, only one [ 66 ] 
was a randomised clinical trial, three were not designed to 
study β-blocker effect on clinical outcome or aortic root 
growth [ 5 ,  9 ,  61 ] and one was a non-randomised prospective 
observational study [ 62 ]. 

 A recent meta-analysis that included the five previous 
studies [ 5 ,  9 ,  61 ,  62 ,  66 ,  69 ] on β-blockers in Marfan concluded 
that there is no evidence that β-blockers have clinical benefit 
in patients with Marfan syndrome [ 71 ]. The above-mentioned 
studies mainly include young patients, so the effect of 
β-blockade in older ages is even less clear. On the other hand, 
two recent retrospective observational studies in children 
reported conflicting results: the first, published by Selamet 
et al. [ 63 ] retrospectively identified 63 Marfan patients (34 
untreated and 29 treated with β-blockers) with echocardio-
graphic follow-up and found no differences in the rates of 
change in aortic root measurements or aortic complications, 
with a mean follow-up of 81.3 vs 76.3 months in the untreated 
and treated groups, respectively. The second retrospective 
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study by Ladouceur et al. [ 60 ] included 155 children 
(<12 years) with MFS and compared the 77 that received 
β-blockers to the 78 that had never received β-blockers; they 
reported a lower aortic dilatation rate and a trend towards a 
lower cardiac event rate (mean follow-up: 4.5 ± 3.7 years) in 
the patients treated with β-blockers. 

 The role of β-blockers in certain subsets of Marfan patients 
is even less clear. That is the case for the subgroup of non- 
dilated patients or those previously operated on. 

 Therefore, although β-blockade is the accepted and con-
ventional treatment for MFS, and recommended by the 
American and European clinical guidelines [ 25 ,  72 ], the evi-
dence for these recommendations is still weak and thus pro-
spective, multicentre clinical trials are needed to assess the 
real efficacy of this therapy. Moreover, while receiving treat-
ment with β-blockers, these patients eventually present aortic 
dilatation or dissection; consequently, more research is 
required to prevent aortic complications with medical 
treatment.  

    Calcium-Channel Blockers (CCB) 

 Calcium-channel blockers (CCB) are sometimes prescribed 
for patients with Marfan syndrome when β-blockers are con-
traindicated, for example in asthma; however, their use has 
been evaluated in only one small study: Rossi-Foulkes et al. 
[ 65 ] reported a slower rate of aorta enlargement in 26 
patients receiving treatment, compared with placebo (+0.9 vs 
1.8 mm/year, p = 0.02), but 20 of these patients received 
β-blockers and only six a calcium-channel blocker (including 
verapamil in five). No comparisons between the drugs were 
reported because the numbers were too small. Since vera-
pamil is negatively inotropic and chronotropic and also 
causes generalised arterial and arteriolar dilatation, there are 
theoretical grounds for expecting benefit in Marfan syn-
drome; however, the drug has not been tested adequately. 
Calcium antagonists reduce central arterial pressure and 
stiffness [ 41 ]. A dihydropyridine calcium antagonist such as 
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nifedipine or amlodipine might have similar effects on con-
duit arterial function, but might be less useful owing to the 
relative lack of effects on the cardiac inotropic state. However, 
at the American Heart Association Meeting in 2012 data 
were presented showing CCBs exacerbated aortic disease 
and caused premature lethality in MFS mice due to increased 
ERK activation [ 73 ]. Therefore, CCBs have to be used with 
caution in patients with MFS.  

    Angiotensin-Converting Enzyme Inhibitors 

 Angiotensin-converting enzyme inhibitors (ACEI) are used 
either alone or in combination with β-adrenoceptor blockers. 
The pharmacological rationale is the involvement of the 
renin-angiotensin system in the development of aortic stiff-
ening, dilatation and rupture in Marfan syndrome (Fig.  4.2 ).

   ACEI reduce central arterial pressure and conduit arterial 
stiffness [ 41 ]. Preliminary evidence suggests that they may be 
useful in Marfan syndrome. In hypertension studies, it has 
been suggested that perindopril may reduce large arterial 
stiffness by a mechanism that is independent of its direct 
effect on lowering blood pressure [ 74 ]. ACEI have other 
effects that might also be clinically useful in patients with 
Marfan syndrome. Activation of the Ang-II AT2 plays an 
important role in promoting apoptosis of VSMCs and cystic 
medial degeneration in Marfan syndrome [ 75 ]. A study by 
Nagashima et al. [ 76 ] demonstrated that an ACEI (but not an 
Ang-II AT1R blocker) prevented cystic medial degeneration, 
apoptosis of VSMCs, and aortic dissection in rats. 

 Different authors hypothesised that ACE inhibitors may 
be a useful treatment for reducing aortic dilatation in MFS 
patients. The first randomised, double-blind, placebo- 
controlled trial of ACE inhibitors in MFS patients was con-
ducted in 2007 [ 77 ]. In that study, 10 MFS patients with 
normal end-diastolic aortic diameter were randomly assigned 
to perindopril and compared with 7 similar MFS control 
patients. At baseline, echocardiographic variables were simi-
lar between the two groups. Perindopril dose was raised from 
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2 to 8 mg/day over the first 3 weeks of the 24-week study. 
Importantly, both groups of patients were receiving long- 
term treatment with a β-blocker. During the study, indices of 
arterial stiffness were assessed by carotid tonometry, Doppler 
velocimetry, and pulse-wave velocity (PWV) readings. 

Angiotensinogen

Renin

Angiotensin
converting enzyme

Ang-I

Ang-II

AT1R

ARB

TGF-β

Cell proliferation
Antiproliferative effects
Antiinflamatory effects

Fibrosis
Apoptosis

ACEI

AT2R

  Figure 4.2    Renin-angiotensin system in the aorta and sites for drug 
treatment.  Ang-I  angiotensin-I,  Ang-II  angiotensin-II,  ACEI  
angiotensin- converting enzyme inhibitors,  ARB  angiotensin-II 
receptor blockers,  AT1R  angiotensin-II receptor type 1,  AT2R  
angiotensin-II receptor type 2,  TGF-β  transforming growth factor-β       
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Covariate analysis proved that perindopril significantly 
reduced central and peripheral PWV (p < 0.001) and carotid 
pulse pressure (p = 0.03), compared with controls. These 
changes in aortic stiffness parameters in perindopril group 
remained significant even when mean arterial pressure was 
included as a covariate. The main result of this study was that 
perindopril reduced the aortic growth rate compared to con-
trols over a 24-week period. Aortic size was followed by two- 
dimensional and M-mode echocardiography. The end-diastolic 
aortic root diameter was significantly reduced in the perindo-
pril group (1.2–3.0 mm/m 2 ) compared to the control group. 
Improvements in arterial stiffness and aortic diameter were 
independent of arterial pressure. In addition, biochemical 
analysis showed that perindopril reduced Ang-II production 
and signalling via both AT1R and AT2R-dependent path-
ways. Owing to the inhibition of AT1R signalling, ACE 
inhibitor-treated patients showed significantly reduced levels 
of the TGF-β cytokine (p < 0.02) and its downstream messen-
gers, with levels of MMP-2 and MMP-3 dropping (p < 0.001 
for both) compared with placebo at 24 weeks. 

 Interestingly, Williams et al. [ 42 ] reported a small but sig-
nificant reduction (6 %) of the sinotubular junction aortic 
diameter after 4 weeks of perindopril treatment (p = 0.024). 
No differences were observed at sinuses de Valsalva level. 

 Despite the potential usefulness of ACEI, these studies are 
limited because of their small sample size and short duration, 
therefore the results remain weak and confounding. 

 A recent non-randomised trial compared enalapril to 
either atenolol or propranolol (propranolol was given to chil-
dren <12.5 kg) in 57 subjects, mean age 14.6 and 12 years, 
respectively [ 64 ], in the ACEI and β-blocker groups. Mean 
follow-up was 3.0 ± 0.2 years. Increased aortic distensibility 
(3.0 ± 0.3 vs 1.9 ± 0.4 cm 2 /dyn; p < 0.02) and reduced aortic 
stiffness index (8.0 ± 2.9 vs 18.4 ± 3.8; p < 0.05) were seen in the 
enalapril group compared with the β-blocker group and this 
resulted in a smaller increase in aortic root diameter (0.1 ± 1.0 
vs 5.8 ± 5.2 mm; p < 0.001). Nine subjects underwent aortic 
root replacement during the study, two in the enalapril group 
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(6 %) and seven while receiving β-blockers (28 %). Marfan 
patients treated with ACEI had a reduced aortic growth rate 
and a lower event rate compared with those treated with 
β-blockers. However, as that study was non-randomised, 
treating physicians had a choice of β-blocker or enalapril, 
leading to a potential for confounding by indication, and the 
doses of drugs were not optimised by any consistent criteria. 
Patients with perceived lower risk could have preferentially 
been treated with enalapril, whereas high-risk patients would 
more likely have been steered toward β-blockade as “stan-
dard of care.” The presence of significantly lower aortic dis-
tensibility and a higher stiffness index in the β-blocker group 
suggests that such a differential therapy choice did exist. The 
authors gave three possible mechanisms for the beneficial 
effect of the ACE inhibitor: the first was inhibition of VSMC 
apoptosis as described above; the second was a bradykinin- 
mediated improvement in aortic elastic tone; and the third 
was blocking of hyperhomocysteinaemia which increases 
vascular stiffness and reduction in MMP activity [ 78 ].  

    Angiotensin-II Receptor Blockers (ARB) 

 Losartan, an Ang-II AT1R antagonist, has been the object of 
major investigations. Losartan not only lowers blood pres-
sure — a desirable effect in patients with aortic conditions — 
but has also previously demonstrated antagonism of TGF-β 
in animal models in different conditions [ 79 ,  80 ]. After the 
publication of results from a mouse model of MFS, a first 
retrospective study on the effect of ARB in children with 
MFS was published by the group of Dietz et al. in 2008 [ 81 ]. 
In that study, 18 paediatric patients (14 months to 16 years of 
age) were identified as having received ARB (losartan in 17 
and irbesartan in 1) after other medical therapy (β-blockers 
with or without ACEI) had failed to prevent aortic root 
enlargement. ARB was added to their previous medical treat-
ment and patients were receiving the maximal weight-based 
dose within 6 months after the initiation of therapy (losartan 
target dose was 1.4 mg/kg of body weight per day and 
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 irbesartan 2.0 mg per kilogram of body weight per day) and 
received the treatment for at least 1 year. If previous treat-
ment was ACEI, it was discontinued. With clinical and echo-
cardiographic follow-up between 12 and 47 months, a 
significant reduction was demonstrated in the progression of 
aortic root enlargement: change in aortic root diameter 
decreased significantly from 3.54 ± 2.87 mm/year during the 
previous medical therapy to 0.46 ± 0.62 mm/year during ARB 
therapy (p < 0.001). Moreover, a statistically-significant reduc-
tion was also observed at sinotubular junction level (p < 0.05). 
The authors simultaneously identified a group of 65 Marfan 
paediatric patients with milder aortic root disease (aortic 
root diameter z-score 3.25 ± 1.52 vs. 6.52 ± 2.43 in the ARB 
group, p < 0.001) that only received β-blockers during follow-
 up. Mean rates of change in aortic root diameter 
(1.71 ± 1.24 mm per year) and in aortic root diameter z-score 
(0.24 ± 0.50 per year) in the patients that received β-blockers 
alone were significantly higher than those in severely affected 
patients receiving ARB therapy (P < 0.001 for both compari-
sons). However, that study had several limitations: (1) small 
population sample; (2) non-randomised, retrospective and 
observational study; (3) all patients had severe aortic root 
enlargement or a rapid increase in aortic diameters before 
ARB therapy started. However, the results were very encour-
aging and led to the design of many clinical trials — the 
majority are still ongoing — to assess the efficacy of ARB 
versus β-blockers, added to β-blockers, compared to no addi-
tional treatment or to placebo in Marfan patients. 

 The first clinical trial on ARB in Marfan syndrome was 
published in 2013 by Groenink et al. (COMPARE trial) [ 82 ]. 
This was a randomised, multicentre (four centres), open-label 
clinical trial with blinded assessment of end-points that 
included 233 Marfan patients over the age of 18 years 
(38 ± 13 years, 47 % females) with no history of previous aor-
tic dissection or aortic root diameter >50 mm. Patients were 
randomised to receive either losartan (n = 116) or no addi-
tional treatment (n = 117) added to their previous medical 
treatment. Patients in the losartan group were started on 
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50 mg daily and this dose was doubled after 2 weeks. 
Maximum losartan dosage of 100 mg daily was achieved in 
54 % of patients. Previous medical treatment was β-blockers 
in 70.1 % of the control group and 75 % of the losartan and 
CCB group in 2.6 and 1.7 % respectively. Mean follow-up was 
3.1 ± 0.4 years. 

 The primary end-point was the aortic dilatation rate 
assessed by magnetic resonance imaging (MRI) at six pre-
defined aortic levels from the aortic root to bifurcation. The 
aortic root could be evaluated in 145 patients with a native 
aortic root. Baseline aortic root diameters were similar 
between both treatment groups (43.8 ± 5.0 vs. 43.2 ± 4.4 mm, 
P = 0.436). The aortic root dilatation rate was significantly 
lower in the losartan group than in the control group, 
0.77 ± 1.36 vs. 1.35 ± 1.55 mm/3 years, respectively, P = 0.014. 
The percentage of participants with a stable aortic root 
(defined as a dilatation rate ≤0 mm/3 years) was 50 % in the 
losartan group and 31 % in the control group (P = 0.022). The 
aortic dilatation rate beyond the aortic root was evaluated in 
218 patients and was not significantly reduced by losartan. 
This study included 63 patients with previous aortic root 
replacement (27 in the losartan group). As expected, baseline 
aortic dimensions in the remaining aortic trajectory were 
greater in this previously operated group when compared 
with the total patient cohort. Although in this subgroup of 
patients, the aortic arch dilatation rate was significantly lower 
in the losartan group than in the control group (0.50 ± 1.26 vs. 
1.01 ± 1.31 mm/3 years, respectively, P = 0.033), patients ran-
domised to losartan demonstrated smaller dimensions at 
baseline of the aortic arch and the descending thoracic aorta 
at the level of the diaphragm compared with the control 
group (respectively, 24 ± 3 vs. 26 ± 4 mm, P = 0.029 and 21 ± 2 
vs. 23 ± 4 mm, P = 0.009). 

 Moreover, in the overall cohort, no differences in separate 
clinical end-points or the composite end-point were found 
between groups (prophylactic aortic root surgery: 10 vs. 8, distal 
aortic surgical intervention: 0 vs. 1, type B aortic dissection: 0 vs. 
2, for the losartan and control groups,  respectively). No cardio-
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vascular deaths occurred during the study. Study limitations 
include the open-label design of the trial. 

 A non-randomised interventional study with no control 
group was published by Pees et al. [ 83 ] in 2013; this study 
included 20 children and young adults (mean age 
11.3 ± 6.3 years) with genetically-confirmed MFS that initi-
ated treatment with losartan. Ten of the 20 patients received 
losartan monotherapy as their first medication, 8 stopped 
their previous treatment with β-blockers and initiated losar-
tan and 2 received losartan plus a β-blocker. Aortic follow-up 
(33 ± 11 months) was performed by echocardiography and 
showed a significant reduction in the normalised aortic 
dimensions at the level of the aortic root (−3.0 ± 2.8 mm/m 2 , 
p < 0.001), sino-tubular junction (−1.5 ± 2.3 mm/m 2 , p = 0.012), 
and ascending tubular aorta (−2.1 ± 2.0 mm/m 2 , p = 0.001). 
This last study had several major issues: (1) lack of a control 
group; (2) the results expressed as a reduction in indexed 
aortic diameters by body surface area when, in this age 
period, body growth may predominate over aortic growth, 
thereby explaining the results. 

 Another observational study by Mueller et al. was pub-
lished in 2014 [ 84 ]. In that study, a cohort of 215 patients 
(mean age 9.01 ± 5.7 years) was retrospectively identified and 
40 untreated and unoperated patients were selected. Clinical 
and echocardiographic follow-up was performed after ARB 
and/or β-blockers were initiated. Twenty-two patients 
received ARB therapy and 18 received β-blockers. Mean 
follow-up in the β-blocker group was 5.51 ± 3.30 years vs 
1.4 ± 0.24 years in the ARB group (p < 0.001). Both  medications 
showed a significant and similar reduction in sinus of Valsalva 
dilatation (evaluated as z-score). However, this study lacked 
of a control group, so it is not clear what the natural evolution 
of the z-score was in an untreated group of this age. 

 In 2013, Chiu et al. [ 85 ] published a clinical trial on a pae-
diatric population to confirm the superiority of combined 
therapy with β-blockers and ARB vs the use of β-blockers 
alone in Marfan patients. In that study, 28 patients (aged 
13.1 ± 6.3 years) with aortic root dilatation ( z -score >2) were 

Chapter 4. Marfan Syndrome



192

randomised to receive β-blockers (atenolol or propanolol) or 
β-blockers and ARB (losartan). In the monotherapy β-blocker 
group, the maximum dose of atenolol or propanolol was 
150 mg/day for adults and 2 mg/kg per day for children. In the 
combined therapy group, the adult target dosage of losartan 
was 100 mg/day (or the maximum tolerable dose) and the 
paediatric dose was started at 0.7 mg/kg/day and increased 
gradually up to 50 mg/day. Moreover, in the latter group, 
β-blocker doses were reduced (atenolol 50 mg/day, propano-
lol 20 mg/bid) to decrease pharmacologic cross-interactions. 
Patients with a history of aortic surgery or severe aortic dis-
ease (aortic root diameter at sinus of Valsalva level >55 mm, 
or aortic diameter growth > 1 mm/year) were excluded. The 
follow-up trial lasted 3 years. The aortic diameter of patients 
was checked every 3–4 months by transthoracic echocardiog-
raphy. Emphatically, the results showed that combined ther-
apy (β-blocker + losartan) reduced the annual dilatation rate 
of aortic root compared to β-blocker therapy alone (respec-
tively 0.10 mm/year vs 0.89 mm/year, respectively; p = 0.02). 
Moreover, the study found a significant reduction in aortic 
diameter relative to baseline in 33 % of patients in the com-
bined group but in none of those receiving β-blockers alone. 
Importantly, changes in aortic diameters were significantly 
less in the combined group at all ascending aorta levels (sinus 
of Valsalva, p = 0.02; aortic root z score, p = 0.04; aortic annu-
lus, p = 0.03; and sinotubular junction, p = 0.03). However, no 
significant changes in blood pressure after medication use 
occurred in either group. Moreover, no changes were found 
either in descending aorta, aortic stiffness, and cross-sectional 
compliance. Even if that study was limited to a small popula-
tion, it showed the potential benefit of ARB drugs added to 
standard therapy in Marfan patients. 

 Regarding losartan treatment, it is important to bear in 
mind that impressive results obtained in mice cannot be 
directly extrapolated to general medical therapy in MFS 
patients. It should be emphasised that, in animal models, 
losartan was administered in the first months of life or during 
pregnancy in the embryogenesis phase.  
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    Ongoing Clinical Trials 

 The pharmacological prophylactic management of MFS has 
moved somewhat beyond the Marfan mouse stage to humans, 
although considerable insights are still being gained from 
such animal studies. With the use of losartan, an AT1R inhibi-
tor licensed for other conditions, the translational path has 
been considerably shortened. The next crucial event is publi-
cation of the results of the ongoing randomised controlled 
trials. An increasing problem in the testing of novel hypoth-
eses generated by new molecular insights into Marfan syn-
drome is that the small patient population can only sustain a 
limited number of trials. In this respect, there is no strong 
evidence to suggest that any of the AT1R antagonists are any 
better than losartan. 

 Ongoing trials are listed on the clinical trial homepage 
  http://www.clinicaltrials.gov    , see also Table  4.4 .

   The  USA trial  is comparing β-blocker therapy (atenolol) 
directly with losartan in an open-label, randomised trial [ 86 ]. 
The study will eventually include 600 patients with an age 
range of 0.5–20 years and a follow-up period by echo of 
3 years. This study evaluates the advantages of two different 
first-line therapies but not the benefit of combining the two 
drugs compared with up-to-date standard therapy. 

 The  French MARFANSARTAN trial   [  87 ] is a multicentre 
randomised placebo-controlled trial evaluating the efficacy 
of losartan in limiting aortic dilatation in MFS patients aged 
10 years or older receiving standard therapy (β-blocker or 
calcium channel blocker if β-blocker therapy is not toler-
ated). Patients who had previously undergone aortic surgery 
were excluded. Aortic root diameter will be measured using 
two-dimensional echocardiography in a 3-year follow-up 
period. The desired number of patients included will be 300. 

 The  Italian trial  ( MaNeLo ) [ 43 ] is comparing three dif-
ferent approaches: β-blocker or losartan alone or the combi-
nation of both. The β-blocker being used (nebivolol) carries 
theoretical advantages over the non-selective propanolol 
used in the landmark study of Shores et al. [ 66 ] and over the 
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betablocker used in the USA trial (atenolol). Its vasodilator 
properties could reduce the rebound wave and therefore the 
stress applied on the proximal aorta and enhance the hae-
modynamic benefit of the drug; its beta-1 selectivity should 
increase its tolerance and therefore compliance. Finally, the 
relative benefits of the two classes of drug and their combi-
nation are ideal. The drawback of having three groups is the 
need for a high number of patients (n: 291) to obtain the 
statistical power necessary to recognise differences between 
groups. 

 The  University of Ghent trial   [  88 ] has a design similar to 
the French trial, but also evaluates the evolution of aortic stiff-
ness over time. The objective is to include 174 MFS patients 
(age ≥ 10 years and z-score ≥ 2). Patients already taking 
β-blockers are randomised for weight-adjusted treatment with 
losartan versus placebo. The primary end-point is to reduce 
the aortic root growth rate. MRI evaluation will be made at 
baseline and at the end of the trial. The similar design may 
permit a secondary combination of the populations to increase 
statistical power, which is obviously an issue when the proto-
col aims to include such a selected population. 

 The English  AIMS   [  89 ] (Aortic Irbesartan Marfan Study) 
Trial is studying the effects of another ARB, irbesartan, in 
Marfan patients. For this study, 490 Marfan patients (aged ≥ 6 
and ≤40) will be enrolled and randomised to 2 groups: irbe-
sartan vs. placebo. The therapeutic dose of ARB will be upti-
trated to the maximum tolerated dose in 2 months (target 
dose 300 mg/die for patients ≥50 kg, 150 mg/die if <50 kg) and 
continued for 5 years. Patients with previous cardiac or aortic 
surgery are excluded. The primary outcome of that multicen-
tre, prospective, randomised, double-blind trial will be evalu-
ation of the different rate of aortic root dilatation between 
these groups measured by transthoracic echocardiography. 
Annual echocardiography follow-up will be carried out. 
Importantly, standard medical treatment (including 
β-blockers) will be given to all patients, if tolerated. Therefore, 
the study is not designed to evaluate the effects of irbesartan 
monotherapy in MSF, but rather the effects of combined 
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therapy. However, analysis of β-blocker-intolerant patient 
subgroup could also permit estimation of the effects of irbe-
sartan alone. 

  The Spanish trial  is a clinical trial conducted at two insti-
tutions. One hundred and fifty subjects of both sexes diag-
nosed with MFS, aged between 5 and 60 years, and who meet 
the Ghent diagnostic criteria will be included in the study, 
with 75 patients per treatment group. It will be a randomised, 
double-blind trial with parallel assignment to atenolol or 
losartan (50 mg per day in patients under 50 kg and 100 mg 
per day in patients over 50 kg). Both growth and distensibility 
of the aorta will be assessed with echocardiography and mag-
netic resonance. Follow-up will be 3 years.    

    Special Conditions 

    Medical Treatment in Operated Patients 

 After ascending aorta surgery, the distal aorta is still suscep-
tible to dilatation or dissection [ 90 ]; thus, close imaging fol-
low- up is required in these patients. Furthermore, the 
maintenance of long-term treatment with β-blockers and 
exercise restrictions must also be considered. A subgroup 
analysis from the COMPARE trial [ 82 ] suggested that the 
addition of losartan was significantly associated with a 
reduced dilatation rate of the aortic arch. However, this result 
should be interpreted with caution as baseline aortic dimen-
sions in patients with prior aortic root replacement were not 
completely comparable between the treatment groups.  

    Medical Treatment in Pregnant Women 

 ACEI and ARB are contraindicated during pregnancy owing 
to the increased risk of fetal loss and birth defects. These del-
eterious effects have been confirmed in animal studies. 
Women of childbearing age under these treatments should be 
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informed of the potential teratogenic and fetotoxic risks of 
these drugs if they become pregnant [ 91 ]. Data related to the 
use of β-blockers during pregnancy are limited. All studies 
are observational and retrospective. Although β-blockers 
have been related to a higher risk of fetal growth retardation, 
consensus holds that β-blockers may be used during preg-
nancy to prevent aortic complications [ 92 ]. However, we 
recommend balancing the risk-benefit ratio in each individ-
ual patient, and fetal growth should be monitored if treat-
ment with β-blockers is prescribed. A recent retrospective 
observational study [ 93 ] included 29 pregnancies in 21 
women with MFS and compared them with 116 controls. 
Mean aortic root diameter pre-pregnancy was 39.5 ± 1.3 mm 
in the nulliparous group (n = 21). Although the study does not 
compare the outcome of Marfan patients with and without 
β-blocker treatment, it is informative of the outcome of 
Marfan pregnancies under this treatment since almost all 
patients were taking β-blockers throughout pregnancy (n = 26; 
89.7 %). In this study, there were no maternal or perinatal 
deaths, but complications were more likely in the MFS group. 
Maternal complications occurred in five pregnancies (17 %) 
and included one type A aortic dissection, 2 aortic surgeries 
within 6 months of delivery and 2 patients who developed left 
ventricular dysfunction. Neonates in the Marfan group were 
more likely to be small for gestational age. 

 Omnes et al. [ 94 ] also published an observational retro-
spective study on 22 pregnancies with maternal mean aortic 
root at baseline 39.0 ± 3.9 mm. Again in this study, almost all 
patients were under β-blocker treatment (n = 19; 86.4 %). In 
this cohort, aortic diameter did not increase significantly dur-
ing pregnancy, one aortic dissection occurred and fetal 
growth restriction was observed in 7 (31.8 %) pregnancies. 

 In 1995, Pyeritz et al. [ 95 ] published an observational study 
that included 28 pregnancies in Marfan patients. In that study, 
only 10 patients received β-blockers, but no comparison was 
made between both Marfan patient groups. Two patients suf-
fered an aortic dissection: one was not treated with β-blockers 
and the other did receive them. 
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 The risk of aortic dissection in Marfan patients during 
pregnancy has also been related to aortic dimensions. However, 
there is not a completely safe aortic dimension: Marfan 
patients with normal aortic root diameter (generally consid-
ered <40 mm) have a low risk of aortic dissection or other 
cardiac complications during pregnancy [ 96 ]. ESC guidelines 
for cardiovascular diseases during pregnancy recommend 
using the WHO classification to assess maternal risk in preg-
nant woman with cardiovascular conditions [ 92 ]. Thus, Marfan 
patients with normal aortic root are classified as having a 
WHO II risk [ 97 ] (small increased risk of maternal mortality 
or moderate increase in morbidity), and cardiological quar-
terly checks are recommended. Marfan patients with a diam-
eter >40 mm and also patients with an increase in aortic 
diameters throughout pregnancy have an increased risk of 
aortic complications. Moreover, in the presence of an aortic 
diameter > 45 mm, pregnancy should be discouraged (WHO 
risk IV). In this scenario, some centres recommend aortic root 
surgery with a valve-sparing procedure (David’s technique) 
prior to pregnancy, since the presence of a mechanical pros-
thetic aortic valve increases morbidity and mortality during 
pregnancy (WHO risk III: significant increased risk of mater-
nal mortality or severe morbidity). However, after aortic sur-
gery, patients remain at risk for aortic dissection in the distal 
aorta. Aortic root diameters between 40 and 45 mm in Marfan 
are generally classified as WHO risk III, but other risk factors 
for aortic dissection (indexed aortic root by body surface area 
>27 mm/m 2 , family history of aortic dissection, rapid aortic 
growth, and aortic regurgitation) should also be taken in con-
sideration. In these patients, monthly or bimonthly cardiologi-
cal checks are recommended.   

    Current Recommendations 

 Although β-blocker therapy is currently recommended for all 
patients with MFS (American College of Cardiology 
Foundation/American Heart Association guidelines class I 
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recommendation for the use of β-adrenergic– blocking drugs 
for all patients with Marfan syndrome to reduce the rate of 
aortic dilation), the evidence level is B. Several studies 
reported that β-blockers may not produce the desired hae-
modynamic effects in patients with marked aortic root dilata-
tion with a heterogeneous response. Recently, many studies 
have shown that additional treatment with losartan improves 
the efficacy to reduce aortic root and ascending aorta dilata-
tion. Therefore, this strategy may be applied in high-risk 
patients with aorta dilatation and in cases where β-blocker 
treatment does not reach the maximum doses due to poor 
tolerance or side effects. Until future therapy directed at the 
fibrillin-1 gene or the TGF-β axis ultimately proves most 
effective at preventing the aortic complications of MFS, 
β-blocker therapy remains the “standard of care”. Losartan 
as monotherapy would only be justified in patients with 
severe bradycardia, asthma or other β-blocker contraindica-
tions. Effects of pharmacological therapy should be moni-
tored closely during the initiation phase to ensure that heart 
rate goals and blood pressure management are optimal. 
Routine monitoring of proximal aortic size and growth rate, 
usually with echocardiography on an annual basis, is essential 
in all patients. In cases in which echo is technically inadequate 
and/or when aortic root diameter reaches 45 mm or surgery 
is indicated, cardiac magnetic resonance or computed tomog-
raphy of the thoracic aorta are recommended. Future research 
and ongoing trials should elucidate the benefits, advantages 
and limitations of each drug or their combinations, taking 
into account individual factors such as age, aortic dilatation, 
risk factors or genetic mutations.     
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           Introduction 

 Both chronic and acute diseases of the aorta, including 
trauma, are attracting increasing attention both in the light 
of an ageing Western population and with the advent of 
modern diagnostic modalities and therapeutic options to 
manage aortic pathology. In the case of aortic ectasia the 
individual rate of expansion and the risk of rupture may be 
assessed from co-morbidities, hypertensive state, or con-
nective tissue disease, and should be quantified regardless 
of anatomic location for timely selection and treatment. 
Acute aortic syndrome, a term comprising acute dissection, 
intramural haematoma, and penetrating aortic ulcers, may 
share common ground by the observation of microapo-
plexy of the aortic wall, eventually leading to higher wall 
stress, facilitating progressive dilatation, intramural haem-
orrhage, dissection, and eventually rupture; chronic hyper-
tension and connective tissue disorders are likely to 
promote this mechanism.  
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    Definition 

 Acute aortic syndrome (AAS) consists of different emergency 
conditions with similar clinical characteristics and challenges. 
These conditions include aortic dissection, intramural haema-
toma (IMH), transection following trauma and penetrating 
atherosclerotic ulcer (PAU). The common denominator of 
AAS is disruption of the media layer of the aorta with bleeding 
with IMH along the wall of the aorta, resulting in separation of 
the layers of the aorta, or transmurally through the vessel wall 
in case of ruptured PAU or trauma. In the majority of patients 
(90 %), an intimal disruption is present that results in tracking 
of blood between the layers of the media potentially rupturing 
through the adventitia or back through the intima into the 
aortic lumen [ 1 ]. With regards to the time domain, acute dissec-
tion is defined as occurring within 2 weeks of onset of initial 
pain; subacute, between 2 and 8 weeks from the onset of pain; 
and chronic, more than 8 weeks from the onset of pain. 
Anatomically, acute thoracic aortic dissection can be classified 
according to either the origin of the intimal tear or whether the 
dissection involves the ascending aorta [ 2 ]. The two most com-
monly used classification schemes are the DeBakey and the 
Stanford systems (Fig.  5.1 ).

      Prevalence of Risk Factors 

 Aortic dissection and its variants are rare diseases, with an 
estimated incidence of approximately 2.6-3.5 cases per 
100,000 person/year [ 3 ]. Around 0.5 % of patients presenting 
to an emergency department with chest of back pain suffer 
from aortic dissection [ 4 ]; two-thirds of them are male, with 
an average age at presentation of approximately 65 years. 
A history of systemic hypertension found in up to 72 % of 
patients is by far the most common risk factor (Table  5.1 ). 
Atherosclerosis, a history of prior cardiac surgery, and known 
aortic aneurysm are other major risk factors [ 5 ]. The epidemi-
ology of aortic dissection is substantially different in young 
patients (<40 years of age) where risk factors such as Marfan 
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syndrome and other connective tissue disorders take prece-
dence. In general 60 % of aortic dissections are classified as 
proximal (type A) and 40 % as distal (type B) according to 
the Stanford classification. The PAU seems to affect mostly 
the descending thoracic aorta and abdominal aorta in 80 % 
of cases [ 6 ]. Data from previous studies suggest an incidence 
of PAU ranging from 2.3 to 11 % in patients presenting with 
AAS [ 7 ]. Conversely, acute IMH accounts for 5–20 % of all 
AAS; both of them have a clear relation to old age, arterial 
hypertension, and atherosclerosis [ 8 ].

       Presentation and Diagnosis 

 The symptoms of an IMH with or without PAU are similar to 
those of acute aortic dissection. Although they are distinct 
pathologies, differentiation between such aortic conditions 

Proximal
DeBakey I and II
Stanford A

Distal Distal
DeBakey IIIa and IIIb
Stanford B

Descending

Descending
penetrating ulcer

Arch and
Descending

Iatrogenic

Ascending
Arch and
Descending

Ascending

Stanford B

  Figure 5.1    Aortic dissection classification: DeBakey and Stanford 
classification as the currently most frequently used classification 
systems for aortic dissection       
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   Table 5.1    Risk conditions for aortic dissection         
 Long standing arterial hypertension 

  Smoking, dyslipidemia, cocaine/crack 

 Connective tissue disorders 

  Hereditary fibrillinopathies 

   Marfan Syndrome 

   Ehlers-Danlos Syndrome 

  Hereditary vascular disease 

   Bicuspid aortic disease 

   Coarctation 

 Vascular inflammation 

  Giant cell arteritis 

  Takayasu arteritis 

  Behcet’s disease 

  Syphilis 

  Ormond’s disease 

 Deceleration trauma 

  Car accident 

  Fall from height 

 Iatrogenic factors 

  Catheter/instrument intervention 

  Valvular/aortic surgery 

   Side or cross clamping/aortotomy 

   Graft anastomosis 

   Patch aortoplasty 

   Aortic wall fragility 
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can be difficult or even impossible solely by clinical means. 
Patients are typically around 60 years of age with comorbidi-
ties ranging from hypertension and Marfan’s syndrome to 
prior surgery or vascular interventions (Table  5.2 ). Pain is the 
most commonly presenting symptom of acute aortic dissec-
tion, independent of age, sex, or other associated clinical 
complaints [ 3 ]; pooled data from over 1,000 cases showed 
that acute dissection is perceived as abrupt pain in 84 % with 
severe intensity in 90 %. Although classically described as 
tearing or ripping, patients are more likely to describe the 
pain of acute dissection as sharp or stabbing, and fluctuating [ 4 ]. 

   Table 5.2    Demographics and history of patients with acute aortic 
dissection   

 Variable  n a  (%) 
 Type A, n 
(%) 

 Type B, n 
(%)  P 

 (N = 289)  (N = 175)  Type A vs B 
 Demographics 

  Age, mean (SD), y  63.1 (14.0)  61.2 (14.1)  66.3 (13.2)  <0.001 

  Male  303 (65.3)  182 (63.0)  121 (69.1)  0.18 

 Patient history 

  Marfan syndrome  22/449 (4.9)  19 (6.7)  3 (1.8)  0.02 

  Hypertension  326/452 (72.1)  194 (69.3)  132 (76.7)  0.08 

  Atherosclerosis  140/452 (31.0)  69 (24.4)  71 (42)  <0.001 

   Prior aortic 
dissection 

 29/453 (6.4)  11 (3.9)  18 (10.6)  0.005 

   Prior aortic 
aneurysm 

 73/453 (16.1)  35 (12.4)  4 (2.3)  0.006 

  Diabetes  23/451 (5.1)  12 (4.3)  11 (6.6)  0.29 

   Prior cardiac 
surgery 

 83 (17.9)  46 (15.9)  37 (21.1)  0.16 

  N = 464 
  a Denominator of reported responses is given if different than stated 
in the column heading  
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Pain location and associated symptoms reflect the site of 
initial intimal disruption and may change as the dissection 
extends along the aorta or involves other arteries or organs. 
Three modern imaging techniques have contributed to a bet-
ter understanding of the development, natural history and 
diagnosis of these uncommon aortic pathologies: computer-
ized tomographic angiography (CTA), magnetic resonance 
angiography (MRA), and transoesophageal echocardiogra-
phy (TEE) [ 9 – 12 ].

        Management 

 Initial management of AAS, particularly dissection, is directed 
at limiting propagation of dissected wall components by con-
trol of blood pressure and reduction in dP/dt (pressure devel-
opment). Reduction in pulse pressure to just maintain 
sufficient end-organ perfusion is a priority with the use of 
intravenous β-blockade as first-line therapy [ 13 ]. 

    Risk of Misdiagnosis 

 Diagnostic imaging studies in the setting of clinical suspicion 
of dissection have important primary goals such as confirma-
tion of clinical suspicion, classification of dissection, localiza-
tion of tears and assessment of both extent of dissection and 
indicators of urgency (e.g. pericardial, mediastinal, or pleural 
hemorrhage); in addition, biomarkers (such as myocardial 
markers, D-dimer elevation >500 μg/L and smooth muscle 
myosin heavy chain) may be used strategically in concert with 
swift aortic imaging, although an ideal algorithm has yet to be 
determined [ 12 ,  14 – 17 ]. Selection of imaging is often hospital- 
specific, but CT angiography is most readily available and 
accurate (Table  5.3 ). Clinical suspicion of acute aortic syn-
drome is high with abrupt or severe retrosternal or inter-
scapular chest pain often migrating down the back; associated 
findings can produce signs of acute aortic insufficiency, 
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 pericardial effusion or occluded aortic sidebranches causing 
ischemia or pulse differential [ 4 ]. With predisposing factors 
such as hypertension, connective tissue disorders, bicuspid 
aortic valve, coarctation and previous cardiac surgery or 
recent percutaneous instrumentation, undelayed diagnostic 
imaging is required for any of the above symptoms and sus-
pected acute aortic syndrome (Table  5.4 ) [ 13 ]. While trans-
thoracic  ultrasound provides vital information (new-onset 
aortic insufficiency, pericardial effusion or even visualisation 
of proximal dissection), additional transoesophageal (TEE) 
interrogation of the thoracic aorta is the logical next step, or 
MD-CT scanning of the entire aorta if considered safe [ 5 ,  10 , 
 11 ,  17 ]. Both imaging modalities provide further detail 
beyond classification as type A and B (or distal) dissection 
and allow for strategic planning; ultrasound technology is 
portable, avoids transport of a critically-ill patient and may 
even be held in the operating theatre [ 17 ]. MRI has no place 
in the urgent diagnostic work-up of acutely symptomatic 
patients. Additional information not essential for immediate 
management decisions such as coronary, arch vessel and side-
branch involvement is usually depicted on CT-angiograms 
without the need for invasive angiography, even in the pres-
ence of ST-changes [ 5 ,  11 ].

   Table 5.3    Comparative diagnostic utility of imaging techniques in 
aortic dissection   

 TOE  CT  MRI  Aortography 
 Sensitivity  ++  ++  +++  ++ 

 Specificity  +++  ++  +++  ++ 

 Classification  +++  ++  ++  + 

 Intimal flap  +++  −  ++  + 

 Aortic regurgitation  +++  −  ++  ++ 

 Pericardial effusion  +++  ++  ++  − 

 Branch vessel involvement  +  ++  ++  +++ 

 Coronary artery involvement  ++  +  +  +++ 
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        Medical Management 

 All patients must receive the best medical treatment avail-
able at admission [ 5 ,  13 ]. Initial management of AAS is 
directed at limiting propagation of diseased wall components 
by control of blood pressure and reduction in dP/dt. Reduction 
in pulse pressure with a target systolic pressure of 100–
120 mmHg and a heart rate of 60–80 bpm to just maintain 
sufficient end-organ perfusion is a priority with the use of 
intravenous ß-blockade as first-line therapy. Often multiple 
agents are required, with patients ideally managed in an 
intensive care setting. Opiate analgesia should be prescribed 
to attenuate the sympathetic release of catecholamines to 
pain with resultant tachycardia and hypertension (Table  5.5 ). 
High-risk but asymptomatic patients with AAS, with the 
exception of type A aortic dissection, can probably be fol-
lowed up without urgent intervention if they do not reveal 

   Table 5.4    Management of patients with suspected aortic dissection   
 Recommendation  Class 
 ECG: documentation of ischemia  I 

 Heart rate and blood pressure monitoring  I 

 Pain relief (morphine sulfate)  I 

 Reduction of systolic blood pressure using beta-blockers 
(I.V. metoprolol, esmolol, or labetolol) 

 I 

 In patients with severe hypertension despite beta- 
blockers, additional vasodilator (i.v. sodium nitroprusside 
to titrate blood pressure to 100–120 mmHg 

 I 

 In patients with obstructive pulmonary disease, blood 
pressure lowering with calcium channel blockers 

 II 

 Imaging in patients with ECG signs of ischemia before 
thrombolysis if aortic pathology is suspected 

 II 

 Chest X-ray  III 

 Diagnostic Imaging (noninvasive)  I 

  Reproduced from Erbel et al. [ 40 ]  
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any early complications [ 2 ,  18 ,  19 ]. All symptomatic patients 
will need surgical or interventional treatment, since the evo-
lution is unpredictable with a high likelihood of severe 
 complications. Moreover, it is clearly necessary to distinguish 
IMH and PAU from classic acute aortic dissection. The site of 
lesion and evidence of complications, as well as evidence of 
disease progression on serial imaging dictate the manage-
ment strategy besides the initial medical management.

       Control of Pain 

 First-line therapy is pain relief by morphine sulphate and 
intravenous β-blockade. The use of benzodiazepines and 
labetalol, with both α- and β-blockade, is useful for lowering 
both blood pressure and d P /d t , with target systolic pressure of 
100–120 mmHg and heart rate of 60–80 beats/min. Often mul-
tiple agents are required, with patients ideally managed in an 
intensive care setting. Opiate analgesia should be prescribed 
to attenuate the sympathetic release of catecholamines to 
pain with resultant tachycardia and hypertension. Further 
management is dictated by the site of the lesion and evidence 
of complications (persisting pain, organ malperfusion), as well 
as evidence of disease progression on serial imaging.  

    Control of Blood Pressure 

 On admission, any AAS patient is subject to standardised 
protocol management including ICU transfer, continuous 
arterial pressure monitoring, central venous access for admin-
istration of intravenous antihypertensive agents, and urine 
output monitoring via a bladder catheter. The initial goals are 
to halt progression of dissection by decreasing impulse force 
(of systolic pressure) and control pain; β-blocking agent 
(labetalol, metoprolol), calcium channel blockers, nitroglyc-
erine and sodium nitroprusside are used in that order to 
ensure anti-impulse management with the goal of keeping 
blood pressure <120 mmHg and mean arterial pressure 
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<80 mmHg. Patients remain in cardiovascular intensive care 
until pressure and pain are well controlled and medication is 
oralised. In presence of uncontrollable pain or pressure ele-
vation, evidence of a complicated setting of type B dissection 
is likely and endovascular management is usually warranted; 
the spectrum of complicated type B dissection is widening 
with ongoing pain and hypertension as recent, but neverthe-
less, classic complications [ 13 ,  20 ,  21 ]. There is no evidence for 
endovascular repair of uncomplicated type B dissection with 
no ongoing symptoms and well-controlled blood pressure 
and no evidence of malperfusion or impending rupture. The 
INSTEAD trial showed no survival advantage of stenting as 
opposed to best medical therapy at 2 years (best medical 
therapy 95.6 % vs. stenting 88.9 %; P = 0.15) [ 22 ] The study, 
however, showed a beneficial impact of stent-graft on aortic 
remodelling and beneficial long-term outcomes [ 23 – 25 ].  

    Management of Complications 

 In the case of suspected aortic dissection, prompt and compe-
tent interpretation of diagnostic contrast-enhanced CT or 
other imaging is mandatory for undelayed triaging and proper 
treatment. A high clinical index of suspicion after a “negative” 
result from the initial diagnostic imaging study may warrant 
subsequent transoesophageal ultrasound interrogation at the 
bedside. Moreover, focused cardiac ultrasound (FOCUS) can 
be useful for time-sensitive rapid assessment of aortic root 
size, valvular function and presence of dissection or intramu-
ral haematoma. Beyond transthoracic evaluation, transo-
esophageal imaging offers clear depiction of both ascending 
and descending aorta at high temporal resolution with clear 
depiction of entry size and location, secondary communica-
tions, extra-aortic blood collection and of true lumen collapse 
or compression; such information has a major prognostic 
impact and identifies patients at risk for ongoing or impend-
ing complications. As a consequence, all features of aortic wall 
disintegration or dissection involving the ascending aorta 
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requires immediate surgical attention or prompt transfer to an 
appropriate tertiary care centre. Conversely, with features of 
complications such as impending rupture or organ malperfu-
sion including true lumen collapse, type B dissection also 
requires undelayed attention by use of endovascular technol-
ogy to reconstruct the true lumen of the dissected aorta. In 
particular, in presence of shock symptoms, the assumption of 
a scenario of complicated dissection is highly likely either 
caused by loss of blood by rupture, by hypotension secondary 
to bowel ischaemia from malperfusion and obstruction of the 
superior mesenteric artery and/or the celiar trunk. Similarly, 
but not as acutely, the emergence of renal dysfunction may be 
due to proximal aortic true lumen collapse or bilateral renal 
artery obstruction from dissection, and of course, requires 
endovascular revascularisation procedures, along with imme-
diate volume expansion and fluid hydration.  

    Shock 

 Shock with diagnostic confirmation of a type A dissection (or 
any aortic pathology involving the ascending aorta) should 
prompt undelayed surgery and open repair. Cardiogenic 
shock is either caused by pericardial tamponade (frequent 
with proximal dissection), by acute aortic valve regurgitation 
or by coronary compromise from the dissection lamella 
either progressing into the left coronary mainstem or just 
obstructing any coronary ostium or from rare other condi-
tions (Table  5.6 ). Interventions such as pericardiocentesis or 
coronary percutaneous procedures are not advised because 
they can worsen the acute problem and cost precious time 
until life-saving surgery. Shock from acute blood loss indi-
cates rupture or contained rupture of the aorta and the need 
for immediate surgery, but is often fatal.

   In a type B setting, shock symptoms call for immediate 
volume expansion (including blood transfusion) and swift 
endovascular management of such a life-threatening compli-
cation in an attempt to seal major communications to the 
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false lumen and thereby stop further blood loss via the rup-
tured outer media layer of the false lumen.  

    Renal Insufficiency 

 In the setting of both proximal and also distal dissection, 
acute renal insufficiency can be the result of kidney malper-
fusion from obstructed renal arteries. The obstruction often 

   Table 5.6    Clinical fi ndings in aortic dissection   
 Hypotension or shock due to: 

  (a) Hemopericardium and pericardial tamponade 

  (b) Acute aortic insufficiency due to dilatation of the aortic annulus 

  (c) Aortic rupture 

  (d) Lactic acidosis 

  (e) Spinal shock 

 Acute myocardial ischemia/infarction due to coronary ostial 
occlusion 

 Pericardial friction rub due to hemopericardium 

 Syncope 

 Pleural effusion or frank hemothorax 

 Acute renal failure due to dissection across renal arteries 

 Mesenteric ischemia due to dissection across intra-abdominal 
arteries 

 Neurologic deficits: 

  (a) Stroke due to occlusion of arch vessels 

  (b) Limb weakness 

  (c) Spinal cord deficits due to cord ischemia 

  (d) Hoarseness due to compression of left recurrent laryngeal nerve 
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results from true lumen collapse or from static obstruction of 
renal arteries by either thrombus or invagination of dissected 
aortic wall components. In most cases, local interventions are 
not helpful and would delay urgent proximal repair in type A 
dissection; in type B dissection, malperfusion of renal arteries 
are best managed by endovascular scaffolding of the descend-
ing thoracic aorta with stent-graft in the true lumen, an inter-
vention that depressurises the false lumen, redirects blood to 
the true lumen only, and opens the true lumen by virtue of 
systolic pressure even at the level of abdominal side branches 
and iliac arteries. After such a procedure, stents in the ostia of 
renal arteries are rarely needed and fenestration procedures 
are obsolete. Renal function usually recovers even after days 
of malperfusion.   

    Anticoagulation 

    Risk/Benefit of Anticoagulation 
and Antithrombotics 

 Once a proximal or distal aortic dissection has been diag-
nosed, therapeutic management is focused on surgical repair 
in cases of type A involvement and on proper triaging for 
complications and thus endovascular treatment of type B dis-
section. There is no place for anticoagulation strategies 
besides the use of prophylactic heparin to avoid deep venous 
thrombosis during immobilisation and bed rest. With ambula-
tion, patients do not require anticoagulants either in the short 
term, or long-term. Similarly, no antiaggregation with agents 
such as aspirin or thienopyridiues is required except for unre-
lated independent indications such as coronary or peripheral 
artery disease. Even after TEVAR, specific antithrombotic 
medication is not indicated. On the other hand, chronic dissec-
tion without signs of acute complications is not a contraindica-
tion for antithrombotic or anticoagulant medication if they 
are needed for another prognostically relevant reason [ 2 ].  
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    Interventional Management 

 In the acute setting with complications, endovascular repair 
for dissection of the descending thoracic aorta is now estab-
lished owing to the high mortality of open repair [ 2 ,  21 ,  26 ]. 
Conversely, open surgical repair requires single-lung ventila-
tion, cardiopulmonary bypass with circulatory arrest, pro-
found hypothermia and cerebrospinal fluid drainage, and has 
been replaced by endovascular repair with an IA recommen-
dation in the presence of organ or limb ischemia [ 27 – 29 ]. 
Particularly in the setting of malperfusion, outcomes with 
open surgery have been unpredictable and the risk of irre-
versible spinal cord injury and death in acute type B dissec-
tions has ranged from 14 to 67 % [ 2 ,  3 ,  30 ]. Contemporary 
in-hospital mortality rates are around 17 % with open sur-
gery supporting a paradigm shift towards endovascular man-
agement as first-line treatment in patients with complicated 
type B dissection [ 21 ,  31 ,  32 ]. If malperfusion of a branch 
vessel persists, branch vessel stenting or the PETTICOAT 
(provisional extension to induce complete attachment) tech-
nique may be used with open bare-metal stents to relieve 
distal malperfusion [ 33 ,  34 ] (Fig.  5.2 ). In complex complicated 
scenarios, even the interventional closure of distal re-entry 
points appears reasonable with successful endovascular man-
agement the 30-day mortality of 10.8 % for complicated dis-
section with imminent rupture or end organ ischemia is 
similar to the mortality rate of uncomplicated patients [ 29 ]. 
Nevertheless, complications can occur with TEVAR includ-
ing peri-intervention stroke and retrograde dissection par-
ticularly in inexperienced hands [ 35 ]. A relatively dated 
meta-analysis of outcomes for TEVAR in complicated acute 
type B aortic dissection, revealed in-hospital mortality of 
9 %, and a low rate of major complications (stroke 3.1 %; 
paraplegia 1.9 %; conversion to type A dissection 2 %; bowel 
infarction 0.9 %; and major amputation 0.2 %); aortic rup-
ture occurred in 0.8 % over 20 months concluding that endo-
vascular treatment of (complicated) acute type B dissection 
is a therapeutic option with favourable initial outcomes; the 
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long-term data regarding outcome and remodelling are 
promising [ 28 ]. Current observational evidence suggests that 
TEVAR improves survival in complicated distal dissection 
[ 21 ]. In patients with connective tissue disease, however, 
remodeling is achieved less frequently and endovascular 
strategies are discouraged or considered as bridging to defini-
tive open repair [ 36 ].

   In the subacute phase of distal aortic dissection, mortality 
varies between 32 % for open surgery, 7 % for patients with 
endovascular management, and 10 % for medical treatment 
alone (P < 0.0001) [ 3 ,  32 ]. Approximately 60 % of late deaths 
result from rupture of the false lumen since long-term 
patency of the false lumen sets the stage for aneurysmal dila-
tation (Fig.  5.3 ). Previously accepted indications for surgical 
repair, such as refractory pain, ongoing malperfusion, 

a c d

b

  Figure 5.2    Malperfusion syndrome treated with endovascular 
stent- graft and PETTICOAT; ( a ) angiography of lower body malp-
erfusion; ( b ) reperfusion after proximal stent-graft; ( c ) 3D CT 
reconstruction of acute complicated dissection with malperfusion; 
( d ) reconstructed aorta and abolished malperfusion after stent-graft 
and PETTICOAT       
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  Figure 5.3    3D-CT image of aneurysmal dilatation of uncomplicated 
type B aortic dissection after 3 years       
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 expansion >1 cm per year, and a diameter over 55 mm are 
currently considered indications for TEVAR in subacute and 
chronic dissections. There is clear observational evidence that 
depressurisation and shrinkage of the false lumen are benefi-
cial even beyond the acute phase of dissection, and place-
ment of an individualised stentgraft has been shown to 
promote false lumen thrombosis and remodelling even late 
after dissection. Stent-graft placement has even been used to 
treat late evolution of retrograde extension into the ascend-
ing aorta, followed by remodelling and healing in a subacute 
state. This window of plasticity of dissected aorta is usually 
open until 90 days; in other words, the likelihood of successful 
remodelling with TEVAR is greater in the first 3 months than 
later in the chronic phase of dissection [ 26 ].

   Surprisingly, the only randomised comparison demon-
strated no statistical difference in all-cause mortality between 
patients treated with TEVAR compared with best medical 
therapy alone for up to 2 years of follow-up [ 22 ]. However, 
long-term outcome data support endovascular scaffolding 
(with stent-graft) for initially stable type B dissection in an 
attempt to prevent late complications and cardiovascular 
death [ 23 ,  24 ,  37 ]; therefore, in concert with antihypertensive 
medication, pre-emptive TEVAR provided at low risk is 
increasingly being accepted even for initially uncomplicated 
dissection [ 23 ,  37 ]. At 5 years of follow-up the INSTEAD-XL 
study showed that aortic rupture, disease progression and 
vascular mortality to be tempered by pre-emptive TEVAR in 
the sub-acute phase of dissection (Fig.  5.4 ). The pre-emptive 
TEVAR concept, as introduced above in the subacute phase 
of dissection, is supported by one meta-analysis and 2 retro-
spective registries [ 23 ,  37 ]; in particular observations from 
IRAD corroborate the late advantage of TEVAR beyond 
2–3 years of follow-up [ 24 ]. Thus, anatomically-suitable 
patients with considerable life expectancy of >2 years should 
be offered pre-emptive TEVAR regardless of clinical presen-
tation with the idea to prevent late complications. Such a 
conceptual change from a complication-specific indication 
for TEVAR to pre-emptive TEVAR also suggests that 
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patients with dissection should be transferred to tertiary care 
at high-volume aortic centres for high-quality care and at a 
very low complication rate [ 38 ].

        Outlook 

 Different clinical patterns are being used to differentiate 
between sets of patients with aortic dissection, both in type A 
but, in particular, in type B. While management of type A dis-
section is straightforward with the need for timely surgical 
repair after initial pain control and blood pressure control by 
intravenous drugs, subclassification of type B dissections is 
more complex although all type B dissections represent a serious 

  Figure 5.4    Five years F/U INSTEAD-XL vascular mortality. 
Kaplan- Meier estimates of vascular mortality (death), and landmark 
analysis with the breakpoint at 24 month, 12 month and 1 month 
after randomization to the end of the trial are shown for OMT and 
OMT + TEVAR groups. Beyond 2 years of follow-up the observed 
mortality was lower with TEVAR than with OMT alone [ 23 ]         
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vascular event per se as the result of longstanding uncontrolled 
hypertension, connective tissue disorders or other risk condi-
tions with the potential to shorten lifespan. Currently used 
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recommendations suggest initial medical management (anti-
impulse β-blockade, sartans and/or Ca ++ -channel blockers) 
with close surveillance for so-called uncomplicated type B 
dissections in the acute, subacute and chronic setting; emergent 
TEVAR is accepted and advised in all complicated scenarios 
of type B dissection. This complication- driven approach may 
soon be supplanted by a more liberal pre-emptive use of 
TEVAR (with advanced technology) in the light of long-term 
benefits from aortic remodeling, even in the setting of so-called 
uncomplicated type B dissection. Thus, with better understand-
ing of adverse predictors, the concept of pre- emptive repair of 
any type B aortic dissection by endovascular interventions 
should be considered for all patients with type B dissection 
regardless of presenting symptoms and in  addition to life-long 
pharmaceutical blood pressure control as long as they are ana-
tomically suitable. All patients should be followed and offered 
sustained surveillance with focus on blood pressure control 
and progressive expansion; even renal sympathetic denerva-
tion may have a role [ 39 ]. With this novel approach, chances 
are that thoraco-abdominal aneurysmatic expansion of dis-
sected aortas could be prevented in the future.  

    Intramural Haematoma and Penetrating 
Aortic Ulcer 

 Medical management of intramural haematoma and pene-
trating aortic ulcer follows the same logic as aortic dissection. 
In type A involvement, surgery should be considered in all 
cases except in presence of serious comorbidities. Before 
surgery or in cases where surgery is not indicated, medical 
treatment including control of symptoms and haemodynamic 
alterations is indicated. 

 In type B involvement, management is based on compli-
cations. In cases without complications, control of pain and 
blood pressure are paramount. Repeated imaging during the 
acute phase is necessary to monitor evolution of intramural 
or periaortic haemorrhage, progression of aorta size and 
disease extension.     
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           Introduction 

 Acute aortic syndrome (AAS) is a life-threatening disease 
which includes classic acute aortic dissection, intramural hae-
matoma and penetrating atherosclerotic aortic ulcer (trauma 
of the aorta may also be considered) sharing common phys-
iopathological mechanisms (disruption of media), clinical 
characteristics and therapeutic challenges [ 1 ,  2 ]. 

 Thoracic aortic dissections may be classified anatomically 
according to the origin of the intimal tear (DeBakey System) 
or whether the dissection involves the ascending aorta 
regardless the site of origin (Stanford System) [ 2 ] (Fig.  6.1 , 
 6.2 , and  6.3 ). Furthermore, it is termed acute when presenta-
tion occurs within 2 weeks, sub-acute within 2–6 weeks, and 
chronic more than 6 weeks after symptom onset [ 1 ].

     Given the high risk of complications and non-specific 
symptoms and signs AAS requires a high clinical index of 
suspicion. Prompt diagnosis and appropriate therapeutic 
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interventions are paramount to enhance survival [ 1 ,  3 ]. 
However, after the acute phase, AAS persist with a high risk 
of re-dissection, aneurysm formation, and/or rupture.  

Proximal
DeBakey I and II

Stanford A

Distal
DeBakey IIIa and IIIb

Stanford B

Descending

Iatrogenic

Descending
penetrating ulcer

Arch and
Descending

Ascending
Arch and
Descending

Ascending

Distal

Stanford B

  Figure 6.1    DeBakey and Stanford classification of aortic dissection. 
The DeBakey classification system categorizes dissections based on 
the origin of the intimal tear and the extent of the dissection:  Type I : 
Dissection originates in the ascending aorta and propagates distally 
to include at least the aortic arch and typically the descending aorta. 
 Type II : Dissection originates in and is confined to the ascending 
aorta.  Type III : Dissection originates in the descending aorta and 
propagates most often distally.  Type IIIa : Limited to the descending 
thoracic aorta.  Type IIIb : Extending below the diaphragm. The 
Stanford classification system divides dissections into two categories, 
those that involve the ascending aorta and those that do not.  Type A : 
All dissections involving the ascending aorta regardless of the site of 
origin.  Type B : All dissections that do not involve the ascending 
aorta. Note involvement of the aortic arch without involvement of 
the ascending aorta in the Stanford classification is labeled as Type B 
(Reproduced with permission from Nienaber et al. [ 1 ])       
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    Long-Term Outcomes 

 The 10-year survival rate of patients with an aortic dissection 
may range from 30 to 60 % [ 1 ,  4 – 14 ]. Among 303 consecutive 
cases with TA-AAD enrolled in the International Registry 
of Acute Aortic Dissection (IRAD) (90.1 % managed surgi-
cally vs 9.9 % medically), survival for patients treated with 
surgery was 96.1 % ± 2.4 % and 90.5 % ± 3.9 % at 1 and 3 
years versus 88.6 % ± 2.2 % and 68.7 % ± 19.8 % without 
surgery (mean follow-up overall, 2.8 years) [ 12 ] (Fig.  6.4 ). 

a b

c d

  Figure 6.2    Chronic Stanford A aortic dissection in 68 years old man 
with history of hypertension and chest pain occurred 2 months 
before hospital admission. ( a ) Transesophageal echocardiography 
(TEE) in long axis view demonstrating intimal flap (see  arrow ) in 
ascending aorta ( AAo ). ( b ) and ( c ) TEE in short and long axis view 
respectively of the descending aorta ( DAo ) showing anterior true 
lumen ( TL ) and posterior false lumen ( FL ); note a distal small inti-
mal tear ( b , see  arrow ). ( d ) Computed tomography of the aorta: 
intimal flap (see  black arrows ) in both ascending and descending 
tract can be appreciated       
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History of atherosclerosis and previous cardiac surgery were 
identified as independent predictors of follow-up mortality 
[ 12 ]. On the other hand, 3-year survival for type B aortic 

  Figure 6.3     Top : TEE short axis view of the DAo. Note the abnormal 
thickness of posterior wall do to chronic intramural haematoma. 
 Bottom : Penetrating ulcer of atherosclerotic plaque can be clearly 
appreciated as an incidental finding in a patient with history of 
hypertension and diabetes mellitus       
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 dissection patients (n = 242) treated medically, surgically, or 
with endovascular therapy was 77.6 ± 6.6 %, 82.8 ± 18.9 %, 
and 76.2 ± 25.2 %, respectively (median follow-up 2.3 years) 
[ 13 ] (Fig.  6.5 ). In that series, independent predictors of follow-
up mortality included female sex, history of aortic aneurysm ,  
history of atherosclerosis, in-hospital renal failure, pleural 
effusion on chest radiograph, and in-hospital hypotension/
shock [ 13 ]. Some clinical predictors of complications, such 
as Marfan syndrome [ 15 – 17 ], age [ 17 ,  18 ], chronic obstruc-
tive pulmonary disease [ 17 ] or atherosclerotic disease have 
been reported [ 19 ]. In addition, maximum descending aorta 
diameter [ 12 ,  17 ,  20 – 22 ], true lumen compression or large 
false lumen diameter, partial false lumen thrombosis and the 
presence of a large proximal entry tear [ 23 ] are predictors of 
mortality and the need for surgical/endovascular treatment. 

Kaplan-Meier Survival Estimates
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  Figure 6.4    Unadjusted Kaplan-Meier survival curve stratified by 
in- hospital management from date of hospital discharge. This figure 
shows the survival curves estimated by the Kaplan-Meier method 
stratified by in-hospital management. The unadjusted survival rate 
at 1 year was 96.1 % ± 2.4 % and 88.6 % ± 12.2 % for surgery versus 
medical treatment, respectively, with further separation of the 
curves at 3 years with survival rates of 90.5 % ± 3.9 and 68.7 % ± 19.8 
(median 2.8 years, log rank P = 0.009) (Reproduced with permission 
from Tsai et al. [ 12 ])       
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Patent false lumen in descending aorta segments after surgi-
cal treatment of type A dissection is frequent (64–90 %) [ 18 , 
 24 ,  25 ]. Suboptimal connection of the distal part of the graft 
implanted in ascending aorta to the true lumen or presence of 
secondary tears may account for the persistence of flow into 
the distal residual false lumen after complete surgical resec-
tion of the primary entry tear. Long-term outcome of aortic 
dissection with patent false lumen in descending aorta pres-
ents a higher risk of complications in type B than in type A 
dissections, particularly after 3 years of evolution. The expan-
sion rate of the chronic dissected aorta is not particularly well 
characterised, but ranges between 0.1 and 0.7 cm per year.

    Evangelista et al. investigated the long-term clinical and 
morphological evolution of 50 IMH. In the first 6 months, total 
IMH regression was observed in 14 and progression to aortic 
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  Figure 6.5    Unadjusted Kaplan-Meier survival curve stratified by 
in- hospital management. This figure shows the survival curves esti-
mated by the Kaplan-Meier method stratified by in-hospital man-
agement. The unadjusted survival rate at 1 and 3 years for patients 
discharged from the hospital alive was 90.3 ± 4.3 % and 77.6 ± 6.6 % 
for medical therapy alone, 95.8 ± 8.0 % and 82.8 ± 18.9 % for surgery, 
and 88.9 ± 11.9 % and 76.2 ± 25.2 % for endovascular treatment 
(median 2.3 years, log-rank P = 0.63) (Reproduced with permission 
from Tsai et al. [ 13 ])       
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dissection in 18 patients; in 14 of these, the dissection was local-
ised, and 12 later developed pseudoaneurysm. At the end of 
follow-up (mean: 45 ± 31 months), the IMH had regressed 
completely without dilatation in 17 patients (34 %), progressed 
to classical dissection in 6 (12 %), evolved to fusiform aneu-
rysm in 11 (22 %), evolved to saccular aneurysm in 4 (8 %), 
and evolved to pseudoaneurysm in 12 (24 %) [ 14 ] (Fig.  6.6 ). 
Multivariate analysis showed an independent association 
between regression and smaller maximum aortic diameter and 
between aneurysm formation and atherosclerotic ulcerated 
plaque and absence of echolucent areas in IMH [ 14 ].

   After discharge, all AAS patients need close clinical and 
imaging follow-up and excellent blood pressure control 
(minimise aortic wall stress) along with specific life style rec-
ommendations in order to prevent major complications [ 2 , 
 26 ,  27 ].  

    Imaging Surveillance 

 The patient with AAD demands careful clinical and imaging 
monitoring by a specialised aorta team in order to detect 
signs of aortic expansion/dissection, aneurysm formation, 

Aortic Intramural Hematoma
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aneurysm

4 Saccular
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  Figure 6.6    Different evolution patterns of IMH from morphologi-
cal changes to final outcomes (Reproduced with permission from 
Evangelista et al. [ 14 ])       
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leakages at anastomosis/stent sites, and malperfusion [ 2 ,  28 ]. 
Computed tomography (CT) and magnetic resonance imag-
ing (MRI) providing a comprehensive evaluation of the aorta 
represent ideal tools for serial imaging [ 2 ,  26 ] (Table  6.1 ).

   MRI, although not widely available, should be considered 
the technique of choice. In fact, it provides tomographic-3D 
reconstruction, tissue characterisation and functional assess-
ment. It entails no radiation exposure and minimises the risk 
associated with the use of gadolinium – based contrast agents 
(excellent safety profiles). However, gadolinium-based con-
trast agents are contraindicated in patients with advanced 
renal impairment (glomerular filtration rate <30 mL/min) 
owing to risks of nephrogenic systemic fibrosis. MRI is pro-
hibited in patients with ferromagnetic and/or magnetically- 
activated implants (including most cardiac pacemakers, 
defibrillators) and image artifact can interfere with the 
assessment of vascular stents [ 26 – 29 ]. 

 Current guidelines recommend: (a) regular outpatient vis-
its and imaging at 1, 3, 6, 9 and 12 months post-dissection and 

   Table 6.1    Relative strengths of imaging modalities for acute aortic 
syndromes   

 TTE  TEE  MRI  CT 
  Imaging factors  

 Comprehensive aortic assessment  +  ++  +++  +++ 

 Tomographic (3D reconstruction)  –  –  +++  +++ 

 Functional  +++  +++  ++  + 

 Tissue characterization  –  –  +++  +++ 

  Clinical factors  

 Portability  +++  ++  –  – 

 Patient access/monitoring  +++  +++  +  ++ 

 Rapidity  ++  ++  ++  +++ 

 Non-contrast  +++  +++  +  + 

 Radiation exposure  +++  +++  +++  + 
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annually thereafter, depending on aortic size and the patient’s 
clinical condition (hypertension and aortic expansion/dissec-
tion are common early after discharge), and (b) to utilise for 
each patient the same modality at the same institution so that 
similar images can be compared side by side [ 2 ,  27 ] (Table  6.2 ).

   Studies have suggested detection of increased FDG uptake 
(marker of active inflammation) by positron emission 

   Table 6.2    Imaging follow-up of aortic pathologies after repair or 
treatment   
 Pathology  Interval  Study 
 Acute 
dissection 

 Before discharge, 1 
month, 6 months, yearly 

 CT or MR, chest 
plus abdomen TTE 

 Chronic 
dissection 

 Before discharge, 1 year, 
2 to 3 years 

 CT or MR, chest 
plus abdomen TTE 

 Aorticroot 
repair 

 Before discharge, yearly  TTE 

 AVR plus 
ascending 

 Before discharge, yearly  TTE 

 Aorticarch  Before discharge, 1 year, 
2 to 3 years 

 CT or MR, chest 
plus abdomen 

 Thoracicaortic 
stent 

 Before discharge, 1 
month, 2 months, 6 
months, yearly or 30 days a  

 CXR, CT, chest plus 
abdomen 

 Acute IMH/
PAU 

 Before discharge, 1 
month, 3 months, 6 
months, yearly 

 CT or MR, chest 
plus abdomen 

  Adapted from Erbel et al. [ 27 ] 
  AVR  indicates aortic valve replacement,  CT  computed tomographic 
imaging,  CXR  chest x-ray,  IMH  intramural hematoma,  MR  magnetic 
resonance imaging,  PAU  penetrating atherosclerotic ulcer,  TTE  
transthoracic echocardiography 
  a US Food and Drug Administration stent graft studies usually 
required before discharge or at 30-day CT scan to detect endovas-
cular leaks. If there is concern about a leak, a predischarge study is 
recommended; however, the risk of renal injury should be borne in 
mind. All patients should be receiving beta blockers after surgery or 
medically managed aortic dissection, if tolerated  
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 tomography (PET)/CT may help to differentiate acute from 
chronic AAD. The combination of PET/CT and vascular/
aortic biomarkers that reflect remodelling (e.g. transforming 
growth factor α [TGF-α]) may have potential risk prediction 
value during the following of AAS patients [ 30 – 32 ]. In addi-
tion, plasma MMP levels might also be used in long-term 
follow- up to monitor aortic remodelling [ 30 ,  33 ]. However, 
further studies are needed to explore potential clinical appli-
cations of biomarkers in chronic aortic dissection [ 30 ].  

    Medical Treatment (Table  6.3 ) 

       Optimal Blood Pressure Control 

 Hypertension represents one of the key causative factors of 
AAS [ 2 ,  34 ]. Patients with AAS often require the combina-
tion of at least two drugs to achieve blood pressure and heart 
rate control [ 35 ]. On the basis of the data from patients with 
Marfan’s syndrome, long-term beta blockade (negative ino-
tropic and chronotropic effects, lower blood pressure and 
decreased dp/dt) is usually recommended in patients with 
aortic dissection to maintain blood < 120/80 mmHg and heart 
rate < 60 bpm (first line) [ 2 ,  36 – 39 ]. Genoni et al. reported 
improved survival in patients treated with beta-blockers 
1685 in the chronic phase of aortic dissection [ 40 ]. That study 
observed an 80 % freedom from aortic events at a mean of 
4.2 years in patients on beta-blockers, in comparison with 
47 % freedom from aortic events in patients treated with other 
anti-hypertensive agents. The efficacy of other antihyperten-
sive drugs has not been demonstrated in patients with chronic 
type B aortic dissection although they have a role in main-
taining the patient’s blood pressure at the appropriate level. 
Long-acting rather than short acting beta-blockers should 
be preferred to reduce side effects and increase compliance. 
Observational studies suggest similar or better  benefits in 
aortic dissection when compared with other antihypertensive 
agents [ 11 ,  41 ]. Guidelines recommend  progressive uptitration 
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of dosage to achieve a blood pressure 135/80 mmHg in usual 
patients and 130/80 mmHg in those with Marfan syndrome 
[ 42 ,  43 ], Several studies have  suggested that between 40 and 
70 % of late deaths in patients with chronic aortic dissection 

    Table 6.3    Medical treatment and lifestyle goals in the follow-up of 
patients with chronic aortic syndrome [ 2 ]   
  Medical treatment  

 1.  Optimal blood pressure < 120/80 mmHg and heart 
rate < 60 bpm control 

  First line: beta-blockers 

  Second line: ACE inhibitors or ARB 

   Third line: calcium channel blockers (long-acting 
dihydropyridine) 

 2. Lipid lowering therapy: target of LDL cholesterol less than 
70 mg/dL 

  Lifestyle goals  

  Low-fat and low-salt diet 

  Achieve an ideal body weight 

   Smoking cessation (special programs, and/or 
pharmacotherapy, including nicotine, replacement, 
buproprion, or varenicline may be useful) 

   Avoid cocaine or other stimulating drugs such as 
methamphetamine 

   Avoid strenuous physical activities, isometric exercise, 
pushing, or straining that would require a Valsalva maneuver 

   Avoid contact sports that can cause sudden stress or trauma 
to the thorax, (e.g. competitive football, ice hockey, or soccer 
etc.) 

  Mild aerobic exercise and daily activities are not restricted 

  Adherence to medical treatment 

   ACE  angiotensin-converting enzyme inhibitors,  ARB  angiotensin 
receptor blockers  
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are non-aorta related and due to comorbid diseases, mainly 
heart disease and stroke [ 15 ,  44 ], thus implying that cardio-
vascular risk factors should be thoroughly assessed in this 
group. Interestingly, cigarette smoking seems not to affect the 
expansion and rupture rate of chronic type B aortic dissec-
tion, although its detrimental role in cardiovascular risk is well 
established. Although their role in the incidence of late aortic 
complications has not been demonstrated, cardiovascular 
risk-reduction measures (such as cholesterol treatment, anti-
platelet therapy, management of hypertension and smoking 
cessation) is advisable for patients with chronic dissections to 
reduce the incidence of late cardiovascular death. 

 Shores et al. among 70 adolescent/adult patients with clas-
sic Marfan syndrome [32 treated with propanolol vs 38 
untreated (control), open label randomised trial] demon-
strated that the mean slope of the regression line for the 
aortic root dimensions which reflect the rate of dilatation was 
significantly lower in the beta-blocker group than in the con-
trol group (0.023 vs. 0.084 per year, p < 0.001; average of 10 
years follow-up) [ 37 ] (Fig.  6.7 ). Furthermore, long-term use of 
β-blockers appears to be associated with reduced progression 
of aortic dilatation, incidence of hospital admissions, as well 
as incidence of late dissection-related aortic procedures in 
acute type B aortic dissection patients [ 11 ,  40 – 45 ].

   Additional (not optimal control) or alternative (beta- 
blocker intolerance) agents for blood pressure control are 
ACE inhibitors and angiotensin receptor blockers (second 
line) [ 46 ]. In this regard, Groenink et al. [ 47 ] among 233 
adults (47 % female) with MFS [multicentre, open-label, ran-
domised controlled trial to either losartan (n = 116) or no 
additional treatment (n = 117)] demonstrated that losartan 
treatment reduced the aortic root dilatation rate (as assessed 
by MRI) after 3 years of follow-up. Following prophylactic 
aortic root replacement, losartan treatment reduced the dila-
tation rate of the aortic arch [ 47 ]. Ahimastos AA et al., in a 
randomised, double-blind, placebo-controlled trial of 17 
patients with Marfan syndrome [8 mg/day of perindopril 
(n = 10) or placebo (n = 7) for 24 weeks in adjunct to standard 
beta – blocker therapy], showed that perindopril reduced 
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both aortic stiffness and aortic root diameter possibly through 
attenuation of TGF-signalling [ 48 ]. 

 Long-acting CCB (reduced reflex tachycardia compared 
to short-acting) may be considered in addition to an adequate 
beta-blockade to reach optimal blood pressure control (third 
line) [ 2 ,  49 ,  50 ]. Interestingly, Suzuki et al., by analysing 1,301 
patients with AAD from IRAD (722 type A AAD vs 579 type 
B AAD, median follow-up 26.0 months, interquartile range: 
12.0–48.0), showed the use of CCB to be associated with 
improved survival in type B patients (OR 0.55, 95 % confidence 
interval 0.35–0.88, p = 0.01), whereas β-blockers improved out-
come only in type A patients (OR 0.47, 95 % confidence 
interval 0.25–0.90, p = 0.02) [ 39 ]. However, data need to be con-
firmed by RCTs to determine the effects of single medications 
on the long-term outcome of a different spectrum of aortic 
disease and define the best medical treatment [ 51 ].  
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  Figure 6.7    Empirical distribution functions of the rate of change in 
the aortic ratio, according to Study Group. The height of each curve 
at any point shows the proportion of patients with values at or below 
the value given on the x axis. There is little overlap between the two 
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    Lipid-Lowering Therapy 

 Patients with atherosclerotic thoracic aortic disease, with 
or without dissection, should be considered a coronary risk 
equivalent and treated with statins to achieve a target of LDL 
cholesterol less than 70 mg/dL. In fact atherosclerosis in any 
non-coronary vessel significantly increases the risk of MI and 
stroke (greater than 20 % event rate in 10 years) [ 2 ,  52 ,  53 ].  

    Anticoagulation 

 The degree of false lumen thrombosis in type B aortic dis-
section or after surgical repair of acute DeBakey type I 
aortic dissection can predict long-term outcomes. However, 
there are currently no evidence-based recommendations for 
anticoagulation. In a retrospective observational study [ 54 ] 
of 136 patients with acute DeBakey type I aortic dissection 
who underwent surgical repair, the early-anticoagulation 
group had a higher proportion of completely patent false 
lumens and lower partial thrombosis than the no-antico-
agulation group. Mean segmental aortic growth rate was 
significantly lower in the early-anticoagulation group than in 
the no- anticoagulation group (2.9 ± 1.3 and 4.5 ± 2.8 mm/year, 
p = 0.01). Overall survival and aorta-related repeat procedure- 
free survival were significantly better with early anticoagula-
tion than with no anticoagulation (p < 0.05). However, other 
studies are required to confirm these results. Regarding the 
risk of anticoagulation in acute intramural haematoma, there 
is a lack of evidence since only case reports with a disparity 
effect have been reported [ 55 ]. Imaging techniques such as 
transoesophageal echocardiography or computed tomogra-
phy are fundamental in the diagnosis of intramural haema-
toma, assessment of cardioembolic risk and in the follow-up 
of the evolution of intramural haematoma, which facilitates 
therapeutic management. Although no established recom-
mendation exists on anticoagulation in aortic intramural hae-
matoma, individual risk-benefit assessment of  anticoagulation 
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and follow-up with imaging techniques are essential to elect 
the most appropriate therapeutic management.   

    Lifestyle Recommendations (Table  6.3 ) 

 American Heart Association Guidelines for the diagnosis 
and management of thoracic aorta disease recommend for 
these patients clear lifestyle targets such as regular aerobic 
exercise, blood pressure, cholesterol and body weight control, 
avoid tobacco and cocaine or other stimulating drugs that 
may trigger aortic catastrophes. In this regard, a stepwise 
strategy for smoking cessation is recommended (the 5 A’s are 
Ask, Advise, Assess, Assist, and Arrange) including a dedi-
cated programme and specific pharmacotherapy (nicotine 
replacement, buproprion, or varenicline) [ 2 ,  56 – 60 ]. 

 Isometric exercise and Valsalva manoeuvre remain contra-
indicated, being associated with substantial and sudden 
increase in mean arterial pressure as observed during the 
lifting of heavy weights. It is also recommended to avoid 
sports that may cause thoracic stress or trauma [ 2 ]. 

 Finally, the importance of adherence to medications, espe-
cially beta-blockers and other antihypertensive drugs [ 2 ,  60 ], 
should be emphasized.  

    Interdisciplinary Expert Consensus 
for Treatment of Chronic Type B Aortic 
Dissection 

 A recent interdisciplinary expert consensus of cardiovas-
cular, vascular and interventional specialists delineated 
specific recommendations and related algorithms for the 
treatment of acute and chronic type B aortic dissection. They 
confirmed that patients with uncomplicated chronic type B 
dissection should undergo strict blood pressure control, as 
stated above in to avoid false lumen dilatation and reduce 
wall stress [ 61 ]. 
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 On the other hand, complicated cases (defined by recur-
rence of symptoms, aneurysmal dilation (total aortic diame-
ter > 55 mm) or a yearly increase (>4 mm) in aortic diameter) 
should be considered for TEVAR or, if contraindicated, open 
surgery repair. In this regard, it should underline that open 
surgery repair carries a higher rate of early mortality than 
TEVAR. Imaging surveillance and life-style goals remain key 
steps, irrespective of the type of therapeutic intervention.  

    Conclusions 

 Patients with AAS, regardless of the initial therapeutic inter-
ventions, deserve long term clinical monitoring by a dedi-
cated team to include imaging surveillance, optimal blood 
pressure control, lipid lowering and specific life-style targets.     
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